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s.vtfsPREFACH TO FIFTH EDITION. 

The continued popularity of this book and its companion, 
Elementary " Steam and the Steam Engine/' has necessitated 
new editions of each at the same time. This encouragement has 
stimulated me to revise them, and to incorporate, as far as 
possible, at the end of the several Lectures, all the Science and 
Art Questions for the past dozen years, as well as those set by the 
Board of Education, South Kensington, up to and including those 
of 1902.*^ Where this has not been found convenient, the 
Questions have been inserted under Appendix B., with references 
for their solution. 

In Appendix A. I have added short descriptions with illustra- 
tions of the best forms of Limit and Micrometer Gauges, as these 
instruments are now used in many of the best engineering works. 

Q I have again to thank Mr. Forrest Sutherland, of Bloemf ontein, 

<- and now Mr. John Cameron, of Montrose Technical College, for 

</v their Communications. 
t In addition to several kind hints from other Teachers and 

7 Students, I have to thank Mr. John Fairley, B.Sc., for having 

^ helped me with the preparation of this Edition. 

I shall feel much obliged to Teachers and Students for any 
hints which will enable me to keep this Manual abreast of the 
times, as well as their opinions regarding the best kinds of 
Working Models for demonstrating the most interesting and 
instructive Problems in this book, with the view of making it as 
useful as possible to young engineers. 

ANDREW JAMIESON. 

16 ROSSLYN TERBACE, KELVINSIDE, 

Glasgow, October' 1902. 



* ThroQghfiut this book Science and Art Qaestions have been marked 
(S. and A. Exam.), whilst those of the Secondary Board of Education have 
been marked (S. E. B.)i with their respective dates. — A. J. 
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The Seoond Edition has been carefully revised, added to and 
repaged. All errors known to the Author have been duly 
corrected, and the Questi(ms set at the Science and Art Elementary 
Examinations on Applied Mechanics, from 1894 to 1898, have 
been inserted at the end of the several Lectures to which they 
pertain, with the exception of a few Miscellaneous Questions, 
which have been placed at the end of the book. 

In Lecture II. there has been inserted a description, with 
illustrations, of the '* Uses of Squared Paper." Lecture lY., 
which deals with levers, has received an addition by an explana- 
tion of the '' Toggle Joint " and its amplication to the automatic 
relief of the crushing rollers in a Sugar Cane Mill. *^ Momentum '' 
has been treated of in Lecture XXI., and two entirely new 
Lectures have been added to the manual upon di£ferent kinds of 
mechanisms, such as Hooke's joint, sun and planet wheels, 
cams, ratchets, parallel motions, reversing and quick return 
motions, planing and shaping machines, <&c., all of which tend to 
bring this new edition up to date and more in accordance with 
the recent extension of the Science and Art Department'8 
Syllabus. 

I have been indebted to several firms for figures and descrip- 
tions of their specialties, and to Mr. David Eobertson, Mr. John 
S. Nicholson, and Mr. Oharles J. Sellar for their assistance with 

extensions and proofs. 

ANDREW JAMIESON. 

The Glasgow and West of Scotland 
Technical College. 



PREFACE. 



This Manual has been written expressly for First-year Students 
of Applied Mechanics. It therefore forms a suitable companion 
to the Author^s Elementary Manuals on '* Steam and the Steam 
Engine/' and " Magnetism and Electricity/' for it corers the Ele- 
mentary Stage of the Science and Art Department's Examination 
in Applied Mechanics. At the same time, the treatment of the 
subject is sufficiently general to satisfy the wants of other young 
Engineers and Mechanics, who do not happen to have these 
Examinations specially in view. 

The book has been divided into four stages : — 

(i) Forces in Equilibrium and the Principle of Moments and of 
Work as appKed to simple Machines, such as levers, pulleys, cranes, 
inclined planes, belt and wheel gearing, screws and screw gearing, 
with and without friction. 

(2) Hydraulics and Hydraulic Machines. 

(3) Laws of Motion, velocity, acceleration, centrifugal force, 
balancing fast-speed machinery, and accumulated work. 

(4) Properties and Strengths of Materials, chains, shafts, and 
beams. 

These sections have been treated systematically and practically. 
They are contained within twenty-four Lectures, but both teachers 
and stndoits will find ample material to occupy their attention for 
fvXlAf twenty-eight lessons of one hour each. 

In some recent books on Mechanics an attempt has been made 
to deal with the '' Laws of Motion," and the effects ^ motion on 
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solid bodies, h^fart illustrating and explaining simple machinea 
and hydraulics. The Author has found, from an experience of 
Dver twelve years' continuous teaching, that this new order is 
quite a mistake, for students get confused and disheartened at the 
very outset by a mass of formuke and problems which are far 
more difficult for them to understand than those relating to 
forces in equilibrium as applied to simple machines. 

Great stress has been laid on principles, definitions, uniformity 
of notation, and symbols. The explanations, illustrations, and 
examples are such as will enable students to apply leading prin- 
ciples to practical work, and teach them to think out and invest!* 
gate results for themselves, rather than depend blindly on rules 
and formulae. 

In every Lecture a number of examples have been fully worked 
out, and, wherever possible, illustrated experiments have been 
described, so as to encourage students to carry out similar or 
more elaborate experiments in actual practice, rather than rely on 
rule-of -thumb proportions. 

At the end of tack Lecture a series of carefully selected 
questions has been arranged in the precise order of, and relating 
eolely to, each Lecture, so that teachers and students may have a 
minimum of trouble in finding suitable examples. Full advan- 
tage has been taken of the questions set annually by the Science 
and Art Department's examiner on this subject ; in fact, all the 
more important questions which have appeared in the Elemen- 
tary papers for the last six years have been incorporated, with 
many others. 

The book, as a whole, will form an easy introduction to the 
Author's more Advanced Text-book upon the same subject, now 
in preparation. Consequently, all points requiring mathematical 
knowledge higher than haA been herein employed, as well aa 
descriptions of more complicated mechanisms, have been left 
over for treatment to the Advanced Cout-se. 

In. the preparation of the drawings the Author is indebted 
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for help it his students, Messrs. Gedrge W. Shearer, John A» 
Sloan, David A. Bamsay, and John F. Neilson, as well as to the- 
iollowing firms for working-drawings and illustrations of special 
machines and tools : Messrs. John Lang & Sons, toolmakers, 
Johnstone; Messrs. P. & W. MacLellan, and Messrs. Loudon 
Brothers, Glasgow; Messrs. Weems & Co., Coathridge; and 
Messrs. Holt & Willetts, of Gradley Heath. FinaJly, his thanks 
are due to Mr. B. M. Anderson for revising the proofs. 

If any errors should he observed by readers, the Author will be- 
glad to have them pointed out, and to receive any suggestions 
tending to increase the usefulness of the book, his desire being, as 
far as possible, to keep it abreast of the times and of the wants of 
Students. 
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The First Edition has been carefully revised and added to. AQ 
errors known to the Author have been corrected, and the ques- 
tions which were set at the 1893 Elementary Applied Mechanics 
Examination of the Science and Art Department have been 
inserted at the end of the several lectures to which they belong. 
He is indebted to the various reviewers and to Mr. G. H. 
Baxandall, Mr. A. A. Ellis, Mr. J. Kerr Reid, Mr. Chas. Forbes^ 
B.Sc, Mr. J. W. Thomson, Mr. R. Proudlove, as well as to 
Mr. E. M. Anderson, who kindly assisted with the corrections 
and proofs. 

ANDREW JAMIESON. 

Teb Glasgow and West of Scotland 
Technical Collegk. 



INSTRUCTIONS TO BE FOLLOWED IN THE WRITINa 

OF HOME EXERCISES. 

1. Put the dftte of banding in each exercise at the right-hand top comer. 

2. Leaye a margin an inch wide on the left-hand side of each page ; and 
in the mar^n place the nnmber of the question, and nothing more. 

3. Leave a space of at Uatt three lines between yonr answers for remarks 
or corrections. 

4. Be snre yon understand exactly what the question requires you to answer, 
then give all it requires, but no tnore. If unable to answer any question, write 
down its number and the reason why. 

5. Make your answers concise, dear, and exact; and accompany them, 
whenever practicable, by an WMtAraAwe tketch. 

6. Make all sketches large, open, and in the centre of the page, and do not 
crowd any writing about them. 

Note. — The character of the sketches will be considered in awarding the 
marks to the several questions. Neat sketches and an "Index to 
Parts," with the first letter of name of Part, will always receive more 
marks than a bare written description. 

7. Bvery sketch must be accompanied by an "Index to Parts" written 
immediately beneath it, and must accompany the answer it is designed te 
illustrate. 

Note.— The initial letter or letters of the name of the Part must be used, 
and not A, B, C, or i, 2, 3, &c. 

S. Unless otherwise specially requested by the question, every sketch must 
be accompanied by a eoncite written description. 

9. Every answer which receives less than Judf of the full marks awarded to 
it, must be re-written correctly for next evening, before the usual class work^ 
and headed ** JU'VfrUten*'* 

Remarks. — Students are strongly recommended to write out the answer in 
scroll first, and then to compare it with the question. After committing it to 
their book, they should then read it over a second time, so as to correct any 
errors they may thereby discover. Reasonable and easily intelligible contrac- 
tions are permitted. Students are invited to ask questions and explanations 
regarding anything they do not understand. Except in special cases, arrears 
of Home work wUl not receive marhe, 

N.B. — Studente who from any cause have been abdent from a lecture, muA 
tend a pott'Card or note of esq)lanatum to the teacher. If they miss any exercise 
or exercises, they must state the reawn {in red ink, or underlined) in their exercise 
hooks when handing them in next night. If these rules are not complied with, 
then marks unU be deducted. 
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LECTURE I. 

CONTBN^B.— Definition of Applied Mechanics — ^Foroe — Matter— Unit of 
Force — The Elements of a Force — Graphic Representation of Force* 
— Forces in Equilibrium — Action and Reaction — Resultant and Oom* 
ponents — Resultant of Forces acting in a Straight Line. 

Applied Mechanics is that branch of applied science which not 
only explains the principles upon which machines are designed, 
made and act, but also describes their construction and' applica- 
tions, as weU as how to calculate i^d test their strength and 
efficiency. 

Before a student can successfully master any science, he must 
thoroughly understand the units of measurement that have been 
adopted in calculating results, and he should also have a clear 
conception of the exact meaning of the various terms employed. 
Consequently, we shall commence the study of Elementary Applied 
Mechanics with definitions and with units of force, work and 
power.* 

Force is any cavse which prodVfOes, or tends to produce, motion or 
ehcmge of motiiTii in the matter wpon which it acts. 

Matter is am,ything which can he 'perceived by one or m>ore of the 
tenses, and which can he acted on hy force. 

Matter exists under three conditions : (i) Solids, (2) Liquids, 
(3) Gases. For example, pieces of wood and of iron are solids; 
water and mercury are liquids ; whilst air and oxygen are gases. 

* For the units of length, surface and cubic measure, and for the men- 
suration of areas and solids, the student is referred to Lectures I. II. and 
III. of Author's "Elementary Manual on Steam and the Steam Engine,' 
lamed by the publishers of this book. 

A 
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Bodies are therefore limited portions of matter. When the 
resistance to motion of a body is equal to or greater than the 
force applied, so that no motion takes place, the body is said to 
be subjected to frtwu/rt. 

Solids do not yield readily to pressure, for they tend to retain 
their original shape and size, whereas liquids and gases yield to 
a very slight pressure, and consequently possess no definite shape. 
A gas differs from a Hquid since it possesses the property of 
indefinite expansion. A liquid has therefore a definite size, but 
not a definite shape, whilst a gas has neither definite shape nor 
definite size. 

Unit of Force. — ^The British unit of force is the pound avoir- 
dupois, or GBAViTATiON UNIT. The magnitude of a force is there- 
fore reckoned by the number of pounds which the force would 
support against gravity or by the weight in pounds which would 
produce the same efiect. For example, a force of loo lbs. means 
that force which would just lift a weight of loo lbs. if acted on 
by gravity alone. But the force of gravity varies at diflferent 
parts of the earth's surface, being slightly greater at the Poles 
than at the Equator. Consequently, our unit is not an abecdnte 
or invariable one, although for applied mechanics it is the most 
convenient unit which could be employed.* 

The Elements of a Force. — When a force acts upon a body, 
then, in order to fully determine its eff'ect we must know the 
three following elements: — (i) The point or place of application 
of the force. (2) The direction in which the force acts. (3) The 
magnitude of the force. 

(i) Place of Application, — In the case of the force of gravity 
acting on a body, the place of application may be considered to be 
the whole mass of the body, or we may estimate the whole weight 
of the body as concentrated at one point, termed the centre of 

* Where great accuracy of measnrement is required an absolute or 
invariable unit of force must be selected. An ahsdlute unit of force may be 
defined as that force whieh^ acting for unit time on unit masSj will produce 
unit change of vdoeity. If the units of time, mass, and velocity be the 
second, pound, and foot per second respectively, then we may define the' 
abeolute unit of force (called the poundal) as that force which, acting for one 
second on a mass of one pound would produce a change in velocity of one foot 
per second. It has been determined experimentally that if a body be let 
fail freely in vacuo, near the earth's surface, the attractive force of the 
earth will produce a change of velocity every second of ^r ( = 32*2 nearly) 
feet per second. Clearly, then, the gravitation unit is g times the abso- 
lute unit. Hence the following relation between the gravitation and 
absolute units of force : — ^-1 force of one pound = g poundalSf or a force 
of one poundal = i/g pownd. 
In this book the gravitatiou units of force and work will be used. 
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gravity of the body. When an extended surface is subjected Id 
pressure, as in the case of a tank containing a liquid, or the piston 
of an engine subjected to the pressure of a gas, the whole arda 
under pressure may be considered as the place of application. 
When a body is pulled by means of a rope, or pushed by means 
of a rod, or supported on a small area, then we consider the force 
as acting at a point. 

(2) Direction* — The direction of a force is the line or path in 
which it tends to move the body on which it acts. 

(3) Magnitude. — The magnitude of th^ force is the pounds 
pull or pressure which the force exerts upon the body on which 
it acts. 

Graphic Bepresentation of Forces. — ^When a force acts on 
a body at a point, its three elements may be conveniently repre- 
sented as follows :-^ 

O t t t t I I !■ I t I I t 1 I » t > I » > 

o 5 io rs 20 p 

Scale Diaokam of a Force. 

Where O represents the point 0/ application^ the straight lin<9, 
OP (with the arrow-head), shows the direction in whi h the force 
acts, and the length of the divided line, OP, indicates to scale the 
magnittide of tlie force.* 

Forces in Equilibrium. — (1) When any number of forces 
acting upon a body neutralize each other's eflfects (i.e., leave the 
body in the same condition as to rest or motion as before the 
application of the forces), these forces are said to be in equi- 
librium. 

(2) Forces which are in equilibrium may be applied to or 
removed from a rigid body without altering its condition as to 
rest or motion. 

(3) Two equal and opposite forces destroy each other's effects ; 
and, conversely, no two forces can destroy each other's effects un- 
less they are equal and opposite. 

(4) A force will have the same effect at whatever point in its 
own direction it may be supposed to act ; and, conversely, if a 
force have the same effect whether it act at one or other of two 
given points, then the straight line joining these points (with the 
suitably directed arrowhead) will be the direction of the force. 

Action and Beaction. — (i) Whenever a fixed rigid body is 

* In the case of the above figure the force is represented as equal to 
22 lbs. Students will find it conyenient to plot down the representation 
of forces in their exercise books to a scale of ^ of an inch to a pound, or 
hundredweight, or ton, according to the values of the forces 
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acted on by a force, then naturally there is at onoe set up in that 
body a secondary force, or a force of reaction, equal and opposite 
in direction to the prinUry force. 

(2) Hence action and reaction are equal and opposite, and 
neutralize each other's effects. 

For Example. — Suppose a weight is placed on a rigid horizontal 
table. In the table there is set up an opposing force or upward 
reaction which exactly counterbalances the downward force of the 
weight. If this were not the case, then motion would take places 
and either the table would giyo way, or the weight would sink 
through the table I 

Resultant and Components. — (i) If any number of forces 
acting upon a body be replaced by a single force which shall haye 
the same effect, then this force is termed the resultant of these 
forces, and the forces are called the components of their resultant. 

(2) The operation of finding the resultant of any number of 
forces is called the composition of forces ; and finding the com 
ponents is termed the resolution of forces. 

Besultant of Forces acting in a Straight Line. — (1) The 
resultant of any number of forces acting in the one direction 
along one straight line is equal to their sum, and acts in that 
direction. 

For Example. — Let PjP,PjP^ be any four forces acting in one 
direction along one straight line, then their resultant — 

R = Pj + P, + P, + P, 

(2) If the forces do not all act in one direction, then the re- 
snlt'int is equal to the difference between the resultant of those 
acting in one direction and the resultant of those which act in 
the opposite direction, and has the direction of the greater of the 
two resultants. 

For Example. — Let P.P,P,P^ be any four forces acting along 
one straight line to the nght hand or in a positiye direction ; and 
QiQjQ, be any three forces acting along the same straight line, 
but in an opposite or left-hand or negative dire«»tion, and let 

Qi + Q, + Q, be less than Pj + P, + P, + P^ 

Then the resultant, 

R = (P, + P, + P, + P,) - (Q, + 0, + Q,) 

nnd acts in the same direction as P|P,P,P^, and along the same 
stniijjht line. 

K equilibrium existed between these two sets of oppositely 
directed forces, then their algebraical sum would be zero, or the 
resultant would yanish ; t.«., 

(P, + P, + p. + PJ - (Q, + Q. -1. Q.) - R - O 
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A familiar illustration of the above reasoning, is the game of 
^ the tug of war," when, say, a batch of sailors are pitted against 
a corresponding number of soldiers, each batch pulling their 
utmost at the opposite ends of a rope, and in opposite dii^ections, 
with the view of obtaining a resultant. 

We shall return to the graphic representation of forees, «S:c., 
when we come to deal with the parallelogram and triangle of 
forces and their application to ascertaining the streaaee on simple 
structures* -^ 

Note Begarding Engineering Calonlations.— Engineering 

stadents shoald clearly understand, that there is no necessity or advantage 
to be gained in working oat their arithmetical resalts to a greater nicety, 
than the tools, rales, gauges, and inbtruments placed at their disposed 
will enable them to measure with accuracy. 

For example, a skilled mechanic who is furnished with a steel footrule 
and a callipers may express his ideas of length to the ^, or at best to the 
T^ (*oi) of an inch, whichis eqaivalent to i part in 1200. It would be 
ridiculous, therefore, to ask him to calculate such lengths to the third 
decimal place. 

A carpenter who uses the well-known 3 ft. rule may be perfectly 
satisfied if he measures to the ^ of an inch, i.e., to i part in 500. 

A mason will usually be satisfied if he can measure to within ^ of an inch 1 

The captain of a sailing vessel could not be expected to spot the posit ii n 
of his ship at sea, to witlun a couple of nautical miles ; so it is no use to 
ask him to place his boat on a particular meridian I 

Note on Questions in Proportion.— When dealing with all such 
questions, it is best for the student to ask himself — 

(i) What is required 7 Then to i)ut the corresponding given value in 
the 3rd term, with Xj y, or z in the 4th for the value to be found. 

(2) Will the aAswer be greater or less than the value in the 3rd term ? 
Then to put the greater or the less given value (according to this 
answer) into the 2nd term, ^nd the remaining known quantity 
in the ist term. 

The answer for Xy y, or z is then equal to the product of the 2nd and 31-d 
terms, divided by the ist. 

Examples :— 

ist : 2n<2 : : 3rd : 4th (Termt)» 

(a) If, ID : 100 : : 1000 : x. 

_,, 100 X 1000 

Then, x=-' = 10,000, 

(&) If, 100 : 10 : : 1000 : y, 

_. 10x1000 

Then, y = = 100. 

" 100 

This method is more convenient to the elementary student than dealing 
directly with fractional ratios. 

* We have intentionally made this Lecture a short one, and have not 
appended any questions, because at the first meeting of a session the 
Lecturer has to give a series of general instructions to his students, and the 
class is seldom so completely foirr'pd as to make it worth while setting any 
home work until the second mc 
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LECTURE IL 

OoifTKKW.—Work— UnM of Work— Bxamjaes I. II. III. IV.— Work done 
against a Variable Besistance-^Example V. — Diagrams of Work — 
With Uuiforin Resistance—With a Uniformly Increasing Resistance — 
With a Uniformly Decreasing Resistance — With a Combination of 
Uniform and Variable Loads — Example VI. — Power or Activity — 
Unite of Power — The Horse-power Unit — To find the Horse-power of 
my working Agent — Bzample VII. — Uses of Squared Paper — Qnestions. 

Work. — If a force acts upon a body land causes that body to 
tnove through a distance, then the force is said to have done work. 
It does not matter how long the operation takes, whether a second, 
a minute, an hour, or a day, or even a year, the same amount of 
work is done by the force acting through the distance. Time, 
therefore, does not come into the question of estimating work 
done, but we must have a force overcoming a resistance through 
a definite distance. If the force applied be inadequate to over- 
pome the resistaiice of the body to motion, then no work is done. 
The amount of work done therefore depends soldy upon the pro- 
duct' of the force applied (or the resistance overcome) and the 
distance through which it acts in its own direction. 

Or, Work <= Force x Distance. 

Unit of Work.* — The unit of work, is the work done in over- 
coming unit force through unit distance. Now, since the British 
unit of force is the pound, and unit distance the foot, the British 
wait of work is called the foot-pound, and is therefore the work 
done when a resistance of i lb. is overcome through a distance of 
I foot. 

Example I. — If a weight of i lb. be elevated a vertical dis- 
tance of I ft. against the force of gravity, then i foot-pound of 

* In the case of heavy work the xndt foot-ton is sometimes used in this 
eountry. A foot-ton simply means one ton raised one foot high against 
gravity, or a force of one ton exerted through a distance of one foot, or a 
resistance of one ton overcome for a distance of one foot. In Electrical 
Engineering the unit of work is the work done in overcoming a resistance 
bf one dyne through a distance of one centimetre. It is c^led the Erg. 
Since the weight of i gramme is = 981 dynes, the work done in raising 
t gramme through a vertical height of i centimetre against the force of 
gravity is 981 ergs or {g) ergs. One foot-pound « 1*356 x 10^ ergs. 
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work has been performed. If lo pounds be elevated vertically 
through a distance of lo ft., then result is(ioxio)=ioo ft.rlb«. 
of work. 




Fig. for Example III. 




Unit of Woek. 

W = I lb. weight. 
R = I lb. reaction. 



Illustrating Work Done, 

W = Weight in lbs. 
P = Pull in lbs. . 
L = Length in feet. 



Example II. — If a body offers a constant resistance to motion 
in any direction of P lbs., and if it be forced along a distance 
of Tj ft., in that direction, then the work done is P x Ii ft.-lbs. 

Or, Work done = Force x Distance 

i.e. Foot-pounds = P lbs. x L feet. 

Suppose a cart with its load weighs W lbs. and offers a con- 
stant resistance of P lbs. to traction along a road, and that it is 
pulled through a distance of L feet ; then, 

The work done = P x L (ft.-lbs.) 

Example III. — In drawing a loaded cart along a level road, a 
horse has to exert a constant pull of loo lbs. ; how much work 
will be done in lo minutes supposing the horse to walk at the 
rate of 6000 yards an hoiu* ? 

Distance in feet through \ 

which the resistance of [ _ 6000 (yds.) x 10 (m.) x 3 (ft.) 
100 lbs. is overcome in 10 [ 60 (m.) 

minutes. / 

„ „ = 3000 ft. 

Work done in 10 minutes = P x L. 






99 



= 100 X 3000. 

= 300,000 fl.-lbs. 



Example IV. — A traction engine is employed to draw a loaded 
waggon along a level road where the resistance to be overcome is 
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loo lbs. per ton. How many foot-pounds of work are expended 
in drawing lo tons over loo yards ? 




Tractiou Bkginb and Load. 

1. Tractive foroe= loo lbs. per ton. 

2. Total pull, P, = loo (lbs.) x lo (tons) 

3. Distance, L, = 100 (yds.) x 3 (ft.) 

4. Work done = P x L. 



Work Cone against a Variable Besistance. — If the redst- 
ance varies whilst the force overcom- 
iog it acts through a known distance, 
then the work done will be measured 
by the product of the average resist- 
ance and the distance. If the resist- 
ance varies uniformly, its average can 
be found by adding its values at the 
commencement and end of the motion, 
and dividing by two. 

Example V.^Explain the method of 
estimating the work done by a force, 
and define the unit of work. The sur- 
face of the water in a well is at a depth 
of zo feet, and when 500 gallons have 
been pumped out, the surface is lowered 

to 26 feet. Find the number of units 

WoBK Vabyins of work done in the operation, the 

Uhifokmly weightof a gallon of water being 10 lbs. 

(S. and A. Exam. 1887.) 
For an answer to the first part of this question refer to the 
previous part of this lecture. 

I. Weight of water raised =» weight of 500 gallons. 

= 500x10 lbs. 

Or, . . , P, =5000 Ibe. 
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2. Mean height water is lifted = 



Distance through which the 
centre of gravity, G (of raised 
water), has been elevated. 



20 + 26 
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3. Work done . 
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PxL. 
5000 X 23. 
115,000 ft.-lbs. 
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Diagram op Untpobm Work. 



Diagrams of Work. — (i) Against a Uniform Resistance, — If 
the resistance overcome is uniform, then the work done may be 
graphically represented by the area 
of a rectangle. 

To find the work done in over- 
coming a uniform resistance of 
5 lbs. through a distance of 10 ft. : 
Plot down a vertical line to any 
convenient scale to represent P (or 
5 lbs.) and a horizontal line to the 
same scale to represent L (or 10 ft.) Then complete the rectangle. 

The area PxL or 5x10 = 50 ft.-lbs. of work. 

In the accompanying figure a scale of ^u ^^ ^^ been used 
to represent both i lb. and i ft., consequently each of the small 
squares represents to scale one foot-pound of work. 

(2) With a Uniformly Increasing Resistance. — If the resist- 
ance uniformly increases — for ex- 
ample, in the raising of a length of 
rope or chain vertically by one end 
from the ground, then the work 
done may be graphically represented 
by the area of a right-angled, triangle, 
where P represents the total weight 
of chain in lbs., and L its total 
length in feet. 



> I I I I I I I I I-* 



Plbe. 
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Diagram op Work for an 
Increasing Resistancb. 






The Total Work done = 



PxL 



ft.-lbs. 



Here the work done per foot of length of chain lifted, uniformaly 
increases from a minimum to a maximum, until the whole rope 
or chain is off the ground. When any known length, I, has been 
lifted, then the area enclosed by the triangle whose horizontal 
side is l, and vertical side p represents the work done. 
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(3) With a Uniformly Decreasing Resistance, — If the resistance 

uniformly decreases, as in the case of 
winding a rope or chain upon the 
barrel of a winch or crane, then the 
work done will also be represented 
graphically by the area of a right- 
angled triangle, where P represents 
DiAGEAM OP Work foe a the total weight of rope or chain in 
Dbcbeasing Resistance, pounds being lifted at the start, and 

L its length in feet. 

PxL 

.•.The Total Work done* ft.-lbs. 

2 

xlere the work done per foot of length of chain lifted, gradually 
diminishes from a maximum at the st;art to a minimum, when the 
last foot is being lifted. 

As in Case (2), you can at any time know the work done or still 
to be done from the scale diagram, if you know the length of chain 
Ufted or to be lifted. 

For example, if I feet have still to come on to the barrel, then 
the vertical ordinate p on the scale diagram will represent the 

pull being exerted at the time, and consequently E represents 

2 

the work still to be done. 

Or, generally, with any gradually 
increasing or decreasing resistance 
the work done is equal to the mean 
of the average resistance in lbs. 
X the distance through which it 
acts in feet. 

(4) With a GonMnaMon of Uni- 
form amd Voflridble Loads, — ^When 
one part of a load is uniform and 
another part variable, as in the case 
of lifting a weight with a chain, 
by winding the chain on the barrel 
of a winch or ci*ane, the diagram 
of work for the uniform load is 
naturally a rectangle, and for the 
chain a triangle if the chain is 
completely wound on to the barrel, 
or a trapezoid if there is still some 
portion of it to be lifted.* 




Diagram of Wobk fob a 
Combination of Uni- 

FOBM AND VABIABUI 

Loads. 



* 8ee p. 5 of the Anther's " Elementaj^ Uannal on Steam and the Steam 
Bngine " for how to find the ^ 



Area of a Trapezoid* 
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Let P • IB the uniform pull required to lift the load or over- 

oome the uniform resistance. 
L . i" the distance the weight is lifted. 
PvPs ""^^ weights of chain hanging at the eommenoe- 

ment and at the finish of the lift. 
Work done in lifting the uniform load = P x L 

Work done in lifting the variable load =?1 — ^ x L 

2 

.•.Whole work = P X L+^L±^ x L= (P + ?i±2»\l 

2 2 / 

„ „ = Area of the figure, DEFC. 

The diagram DEFO represents the work done and alfio 
the variation of the resistance during the lift. The rectangle 
ABCD represents the work done in overcoming the uniform load, 
and the trapezoid ABFE the work done in overcoming the 
variable load. The resistance at any instant of the lift will be 
represented by the vertical line drawn from the horizontal base 
DC to the inclined line EF through the point on DC or AB 
which represents the position of the load at that instant. The 
part of this vertical line intercepted between AB and EF will 
represent the resistance offered by the varictble part of the load 
at the instant considered. Thus, at the commencement of the 
lift the total resistance is P +jP| and represented by DE, at the 
end of the lift the total resistance is P + p, and represented by 
CF. At ^, J, and f of the lift the total resistances are repre- 
sented by the vertical lines GH, KL, and MN respectively, while 
the resistances due to the variable part of the load at these points 
are represented by the lengths ^H, kL, and wN respectively 
If the final resistance due to the vaiiable part of the load was 
zero (as would be the case if the whole of the chain were wound 
on to the barrel) then the diagram of work for this part of the 
load would be the triangle AEB. 

Example YI. — Explain fully the mode of measuring the work 
done by a force. What unit is adopted ? A weight of 2 cwts. 
is drawn from a mine, 30 fathoms deep, by a chain weighing i lb. 
per linear foot; find the number of units of work done. (S. and 
A. Exam. 1893.) Also find the resistance offered when the 
weight has been raised through ^, j^, and f of the whole depth 
respectively. 

Aksweb. — (i) The work done by a force is measured by the 
product of the force into the distance through which that force 
moves in its own dii'ection. If P be the force in pounds, and L the 
distance in feet through which it moves in its own direction, then, 

Work done » P x L f t-lba. 
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(a) The unit of work adopted in this country is the work done 
when a force of one pound is moved through a distance of i foot, 
and is called the foot-pound (ft.-lb.). 

(3) Referring to the previous figure, make AB to represent 
30 X 6 = 180 ft., the depth of the mine, AD to represent 2x112 
-■224 lbs. the weight of material raised, AE to represent 
I X 180 =» 180 lbs. the weight of chain at beginning of lift. Then 
assuming the whole of the chain to be wound up, complete the 
rectangle ABOD, and join E and B. The area of the figure 
DEBO then represents the work done. 

. • . Work done = area DEBO = ^ (DE + OB) x AB. But DE « 
DA + AE =s 224 + 180 = 404 lbs. 
OB = DA = 224 lbs., AB=i8o ft. 
. • . Work done = J (404 + 224) x 180 ft.-lbs. = 56,520 ft.-lbs. 

(4) The resistance at ^ lift, or when the weight has been raised 
45 ft., is GA = G5r + (7A=224 + |x i8o = 359 lbs. 

At ^ lift the resistance is Ki =K^ + ^*^ =224 + j^ x 180 = 
814 lbs. 

At f lift the resistance is Mn » Miro + mn = 224 + ^x180 = 
269 lbs. 

Power or Activity is the rate of doing work,* — In estimating 
or testing the power of any agent the time in which the work is 
done must be noted and taken into account. Oonsequently, we 
speak of the activity or power of a man, of a horse, or of an 
engine, as capable of doing so many foot-pounds of work per 
minute. / 

Units of Power. t — ^The unit of power adopted in this country 
is called the horae^wer. It is the rate of doing work at 33,000 
ftMa. per mm., or 550 ft.-lbs, per see., or 1,980,000 ft.-lbs per 
hov/r. 

The Horse-power Unit was introduced by James Watt, the 
great improver of the steam engine, for the purpose of reckoning 
the power developed by his engineei He had ascertained by 
experiment that an average cart-horse oould develop 22,000 foot- 
pounds of work per minute, and being anxious to give good value 
to the purchasers of his engines, he added 50 per cent, to this 
amount, thus obtaining (22,000+ 11,000) the 33,000 foot-pounds 
per minute unit, by which the power of steam and other engines 
has ever since been estimated. 

• The word jxnrer is very frequently misapplied by writers and students, 
for they often call the mere pnll, pressure, or force exercised on or by an 
agent the power. Students should strenuously avoid this misuse of the 
word power, and never employ it in any other sense than as expressing a 
rate of doing work, or activity. 

t In Electrical Engineering the Unit of Power is called the Wdttf and it 
equals io7 ergs per second, or 746 Watts 3 i horse-DOwer. 
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To find the Horae-power of any Working Agent. — Divide 
the number of foot-pounds of work which it does in one minute by 

33,000. 

Let P =3 Pull exerted or resistance overcome in pounds, 
L = Length or distance through which P acta. 
M = Minutes the agent is at work. 
H.P. = Horse-power. 
Then, 
H P =— Ziili— • P s= H.P. X 33000 xM , j^ _ H. P. X 33000 X IT - 
33000 xM ' L ' F 

Example YII — In what way is the rate of doing work measured 
in horse-power ? 

If 40 cubic feet of water be raised per minute through 330 feet, 
what horse-power of engine will be required, supposing that there 
is no loss of friction or other resistances ? Note, — i cubic foot of 
water weighs 62^ lbs. (S. and A. Exam. 1892). 

Answer. — ^The rate of doing work, as measured in horse-power, 
is equivalent to 33,000 foot-pounds of work done per minute. 

ist. I cubic foot of water weighs 62^ lbs. 

•*• 40 cubic feet of water weigh 40 x 62^ s 2500 lbs. 

snd. Work done per minute ^"^ - 2500 (lbs.) xgyjt. 

M I 

3Td. .-. n.p.= PxL 2500x330^ 825000 ^gg^ 

33000 X M 33000 X I 33000 
Note, — Students will find it a great advantage, as well as a sav- 
ing of time not to multiply figures together until the last stage of 
the answer has been reached, and then to cancel all common 
factors in numerator and denominator. For example, in the 
answer to the above question we might proceed thus — 
I St. 40 cubic feet of water = 40 x 62^ lbs. 
2nd. Work done per minute — 40 x 62I x 330 ft, -lbs. 

= 4 I 

3rd.. •.Horse-power of engine = ggj^g 

m 

10 

10 10 

The process consists in this — ^the factor, 330, can be cancelled 
from numerator and denominator, leaving 100 as the denominator. 
The factor, 10, can then be divided out of 40 in the numerator 
and from the 100 in the denominator, thus leaving 4 x 62^ as the 
numerator and 10 as the denominator. The remainder of the 
work is evident. 
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Uses of Squared Paper. — Squared paper is made by drawing 
a number of equally spaced horizontal lines and crossing these by 
vertical ones at the same distance apart. The paper is conse- 
quently covered with a large number of little squares, the sides of 
which are usually one-tenth of an inch in length. In order to 
facilitate the measurement of distances, every tenth line, and some- 
times every fifth, is heavier or of a different colour to the others. 

By the aid of squared paper we can graphically represent how 
two varjdng quantities depend upon each other. For example, 
take the case of a chain being gradually lifted from the ground, as 
already considered in connection with diagrams of work and 
shown by the first of the following figures. The length and 
weight of chain lifted will alter as the upper end is raised ; but 
the suspended weight will always depend upon the length which 
hangs freely from the spring balance. In fact, any change in the 
length lifted will produce a corresponding change ii^ the load 
registered by the balance. If we note the pull indicated by the 
balance for different lengths of hanging chain, we shalV>be able to 
obtain a line or. curve which will show to the eye hov«r» these two 
quantities depend upon one another. Suppose we obtain, the 
following results : — 



LcDgtb of 'j 
chain lifted V 
in feet. J 


I 


2 


3 


3 5 


4 


5 


6 


7 


8 


9 


10 


Weight of^ 
chain lifted J- 
Inlbs. J 


0-8 


1*4 


2-0 


2 "5 


27 


3-5 


4*3 


5'° 


5-6 


6-2 


TO 


Corrected ^ 
values in 
lbs. J 


07 


1*4 


2*1 


2*45 


2-8 

* 


3'S 


4*3 


4*9 


5-6 


6-3 


70 



We shall represent the lengths of the hanging chain by horizon- 
tal distances which are termed ctbscissce, and the corresponding 
weights by vertical distances called ordincUes, We choose such a 
scale for these quantities as will enable us to get them all upon 
the squared paper ; at the same time we keep the scales as large 
8is possible. In tfeds case we have chosen five divisions horizontally 
to represent one foot, and five divisions vertically for one pound. 
It is, however, not necessary to adopt equal scales for abscissae 
and ordinates, but we should select the most convenient scale for 
each aocordini? to circumstances. ^ , 



USES OF 8QUABED PAPER. I J 

To find the point corresponding to the fourth colnnm in the 
t&ble, take B at 3-5 on the horizontal scale, and C at 2'S on the 
▼ertaeal one. Draw BA vertically and C A horizontally. Then, 
the intersBctioo of these two lines is tho point required. In 
practice, these lines are not actually drawn, but the point is 
found by the eye with the assistance of the lines on the paper, and 
a X or O is placed to mark its position. When all the points have 
been thus plotted from the table, we draw a mean line or curve 
between them. In this case, it is a straight line passing through 




Hanoinq Chain. SquAitEn Fafbb. 

Rblation bbtwebh Length and Wbigrt of Chain. 

the origin 0. It will be seen that this line does not pass through 
all the points, hut that some of them are on one side and some on 
the other. This may- be -due to errors of obaorvation or to 
irregularities in the chain. . If we know that the chain is uniform, 
the points ought to lie along the straight line we have drawn, 
and we can correct for errors of observation. Thus, the point A 
should have been at D, and the correct weight for that length of 
chain is represented by BD, which is 2'45 lbs. We can correct 
the other values in the same way, and so obtain the numbers 
shown in the third !ine of the table. 

When the points lie approximately in a straight line, the 
nearest mean straight line is be.it found with the help of a fine 
thrwd which is ''''Vetched and moved among ths point* until it 
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ties most evenly amongst them. The positions of its ends are 
then marked and a line drawn with a straight-edge through these 
marks. When the points do not lie near a straight line a smooth 
curve may be drawn through them, either freehand, or by aid of 
French cvirves, a thin strip of wood or steel, or Clark's patent 



Clark's Patent A 

adjustable curve. This consists of a flexible strip of celluloid 
with a brass loop A, for the thumb of the left hand, and another 
B, for the second or third Gnger, as shown by the accompanying 
figures. Nov/, if these two loops are drawn together the celluloid 
will be formed into some curve, the shape of which can be ad- 
justed by moving the sliding rod C with the right hand md 
fixing this curve by means of a cord (not shown in the figure) 
joining B with a V-shaped groove in A. It may also be used as 



USES OF SQUARED PAPBE. 1 7 

a set curve for the purpose of transferring a curve from one 
drawing to another. 

When we represent distances along one scale of the squared 
paper and forces along the other, then the areas such as O D B 
indicate to scale the work done in raising the length of chain O B. 
This is true, whether the line O D is straight or curved. We 
can, however, represent any two quantities which depend on one 
another by a curve on squared paper. Thus we may draw curves 
showing the relation between pressure and travel of piston iu a 
steam engine, stress and strain in a piece of material under test, 
tension and elongation in a spring, load on a machine such as a 
pulley block and the effort required, and many bther things. As 
an example, the student should plot two curves from the table in 
Lecture XXIII., one showing the horse-power transmitted by, 
say, a two-inch shaft at different speeds, and the other that 
transmitted by different sizes of shafts at, say, loo revolutions 
per minute. The former will be a straight line and the latter a 
curve. 



, ^8 LBCTUBB IL — QUESTIONa 

Lbotubb II.*-<)ubstiohb. 

I. Define the nmt of work. What name is given to this nnit T In draw- 
i ing a load a horse exerts a cotmtant poll of 120 lbs. ; how much *work will 
(be done in 15 minutes, supposing the horse to walk at the rate of 3 miles 

anhonr ? (S. and A.-Ba^^iSpi.) . Ans, 475,200 ft. -lbs. 

\ 2. How is the \*i6i-k ddnel)y a force measured 1 The resistance to trac- 
tion on a level road is 150 lbs. per ton of weight moved ; how many foot- 

' pounds of work are expended in drawing 6 tons through a distance of 150 
yards } ^tw. 405,000 ft.-lbs. 

3. Distinguish between forpt^ a^id iporh done by a force. How is each 
respectively measured ? A traction engine draws a load of 20 tons along* 
a level road, the tractive force on the load being 150 lbs. per ton. Find 
the work done upon the load in drawing it through a distance of 500 
yards. (S. and A. Sxam. 1S88.) Ant, 4,500,000 ft.-lbs. 

4. Find the number of units of mechanical work expended in raising 
136 cubic feet of water to a height of 20 yards. The weight of a cubic 
foot of water is 62^ lbs. Ana, 510.000 ft. -lbs. 

5. A weight of 4 tons is raised from a depth of 222 yards in a period of 
45 seconds ; calculate the amount of work done. Ans. 5,967,360 ft.-lb8. 

6. A hole is punched through a plate of wrought-iron one-half inch in 
thickness, and the pressure actuating the punch is estimated at 36 tons. 
Assimiing that the resistance to the punch is uniform, find the number of 
foot-pounds of work done. Ana, 33^ ft.-lbs. 

7. How is work done by a force measured ? Give some examples. Set 
out a diagram of the work done in drawing a body weighing 10 lbs. up a 
smooth indane 4 feet high, marking dimensions. (S. and A. Exam. 1889.) 

8. A train of 12 coal waggons weighing 133 tons is lifted by hydraulic 
power (two waggons being raised at a time) through 20 feet in 12 minutes. 
Estimate the work done in foot-tons. Taking the average of work done, 
how many foot-pounds are done per minute? (S. and A. Exam. 1890.) 
An». 2660 ft.-tons ; 496,533.3 ft.-lbs per minute. 

9. The plunger of a force-pump is 8| inches in diameter, the length of 
the stroke is 2 feet 6 inches, and the pressure of the water is 50 lbs. per 
square inch ; find the number of units of work done in one stroke, and 
plot out a diagram of work to scale. Ans, 7516*25 ft.-lbs. 

10. A chain 30 feet long, and weighing 100 pounds per yard, lies coiled 
on the ground. Find by calculation and by a scale diagram of work how 

' many units of work would be expended in just raising it by the top end 
from the ground. Ant, 1 5,000 ft. -lbs.- 

II. A chain, weighing 30 lbs. to the fathom, is employed to lift i ton to 
a height of 30 ft. by winding the chain on a barrel. Find by calculation 
and by a scale diagram of work, how many units of work will be expended 
• — (a) when the outer end of the chain is brought home to the barrel ; 
(6) when 18 feet of it are still hanging free with the weight at the end of 
it. Ans, {a) 69,450 ft.-lbs. ; (6) 27,000 ft.-lbs. 

12. Define the following mechanical terms : — Force, work, unit of work, 
power, activity, and horse-power. A horse drawing a cart at the rate of 
2 miles per hour exerts a traction of 156 lbs. ; find the number of units of 
work done in one minute. Ans. 27,456 ft.-lbs. 

13. In what way is the rate of doing work measured in horse^power f 
If 100 cubic feet of water be raised per minute through 330 feet, what 
horse-power of engine will be required, supposing that there is no loss by 
friction or other resistances ? Ans. 62*5 h.-p. 

14. If a horse, walking at the rate of 2^ miles per hour, draws 104 lbs. 
out of a well by means of a cord going over a wheel, how many units of 
work would he perform in one minute? Am, 22,880 fU-lba. 
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15. What unit do you employ in measuring force, and what unit in 
measuring the work done by a force ? A horse exerting p pull of 40 lbs. 
per ton draws a load of 15 cwt. along a level road ; how far will the horse 
travel in 10 minutes if he does work on the load at the rate of } horse- 
power? (S. and A. Exam. 1894.) Ans. 5500 ft. 

16. Distinguish between the expressions "foot-pound" and "horse- 
power " by giving a clear definition of each. A bucket when filled with 
water weighs 180 lbs., and is raised at a uniform rate from a depth of 
150 feet in eight minutes. Find the work done in one minute. (S. and 
A. Exam. 1895.) Ans, 3375 ft. -lbs. 

17. What work in foot-pounds is done in raising the materials for 
building a brick wall 50' high, 12' long, and 2' 3" in thickness, if one cubic 
foot of brickwork weighs 112 lbs. 7 (S. and A. 1897.) Aru. 3, 789,000 ft. -lbs. 

18. A man of 150 lbs. climbs a hill regularly 1200' vertically per hour ; 
at another time he climbs a staircase at 2^' per second ; in each case find 
the useful horse- power in lifting himself. (S. and A. 1897.) Ans, '09 
h.-p. ; '68 h.-p. 

19. An ex;^,ress train going at 40 miles per hour weighs 150 tons ; the 
average pull on it is 12 lbs. per ton, what is the horse-power exerted? 
This power is only 40 per cent, of the total indicated power of the engine ; 
find the indicated power. (S. and A. 1898.) Ans, 192 h.-p. ; I. h.-p. =480. 

20. Water at 750 lbs. per square inch pressure acts on a piston one 
square foot in area, through a stroke of i foot ; what is the work that such 
water does per cubic foot ? and per gallon ? If an hydraulic company 
charges 18 pence for a thousand gallons of such water, how much work is 
given for each penny ? (S. and A. 1898.) Ans, 108,000 ft. -lbs. ; 17,280 
ft. -lbs. ; 963,000 ft. -lbs. 

21. Explain how squared paper is used, and mention a few of the pur- 
poses to which it is applied. 

22. Plot out a curve from the following data showing the pressure on a 
piston at various distances from the commencement of the stroke : — 



Distance in feet. 





•I 


•2 


•3 


•4 


•5 

18-5 


•6 
18 


7 
135 


•8 


•9 


1*0 




Pressure in ^ 
lbs. per sqr. - 
inch. J 


20 


21 


21 


20 


19 


9 


4*5 



23. A body weighing 3220 lbs. was lifted vertically by rope, there being 
a damped spring balance to indicate the pulling force F lb. of the rope. 
When the body had been lifted x ft. from its position of rest, the pulling 
force was automatically recorded as follows : — 



X 





18 


43 


60 


74 


95 


III 


130 


F 


7700 


7680 


7430 


7130 


6770 


5960 


5160 


3970 



Find approximately the work done on the body when it had risen 
115 feet. How much of this is stored as potential and how much as 
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kinetic energy! (S. E. B. 1900.) Ans, 740,600 ft. -lbs.; 370,300 ft. -lbs.; 
370,300 ft. -lbs. 

Note. — Plot on squared paper the pulling forces as ordinates, and the 
correspondiog distances x as abscissas. Then find the area of the diagram 
of work up to the ordinate where iB= 1 15 ft. 

24. A chain weighing 10 lbs. per foot of its length is 240 feet long, and 
hangs vertically ; what work is done in winding up the chain on to a 
drum? (S. and A. 1899.) Jlns. 288,000 ft. -lbs. 

25. A body weighing i6iolbs. was lifted vertically by a rope, there being 
a damped spring balance to indicate the pulling force F lb. of the rope. 
When the body had been lifted x feet from its position of rest, the pulling 
force was automatically recorded as follows : 



X 





II 


20 


34 


45 


55 


66 


76 


F 


4010 


391S 


3763 


3532 


3366 


3208 


3100 


3007 



Find approximately the work done on the body when it has risea 
70 feet. How much of this is stored as potential energy, and how much 
as kinetic energy? (S. E. B. 1901.) Ans, 247,050 ft. -lbs.*; 112,700 ft.-lbs.; 

«34»35oft«"ll's. 
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LEOTURE III. 

Contents.— The Moment of a Force— Primjiple of Moments applied to the 
Lever — ^Experiments I. II. III. —Pressure on and Reaction from the 
Fulcrum — Equilibrant and Resultant of two Parallel Forces— Oouples 
— Centre of Parallel Forces or Position of Equilibrant and Resultant — 
Centre of Gravity — Examples of Centre of Gravity — The Lever when 
its weight is taken into Account — Examples I. II. — Position of the 
Fulcrum- Example III. — Questions. 

The Moment of a Force, with respect to a pointy is equcd to the 
force multiplied by the perpeadicidar distance from the poiv/t to its 
line of action. 

For example, suppose a body to be resting on the point O, and 
a force, P, to be applied to the body in the direction PA Then, 
if the perpendicular distance from ..--TinnRr^^ 

to the line of action of the force be /^^^'* ^^%8^ 

OA, the moment of the force P, tending p ^ ^ ^^ 
to turn the body about the point O, is ^ 

P X AO. If the force be reckoned M 

in pounds, and the perpendicular dis- ^^Ik 

tanoe in feet, the product will be in ^| 

pounds-feet. The student must there- ^^pjipppMM^ji Pji^ ^^^ 

fore avoid confusing the answer with ^jr^„„„„ ^ ^ ir^^^- 
-^ „ - , ^ Moment op a Fobob. 

ft. -lbs. of work. 

Principle of Moments. — If any number of forces act in one 
plane on a rigid body, and if these forces are in equilibrium ; then 
the principle of moms ts asserts that the sum of the moments of 
those forces which tend to turn the body in one direction about a 
point, is eqvxd to the sum of Ike mom^ents of the forces which tsnd to 
turn the body in the opposite direction about the same point. 

Or, to state the principle more concisely, the opposing m^>ment8 
about the point are equal when equilibrium exists. 

If the moments of those forces which tend to turn the body to 
the right hand (i.e., in the direction of the motion of the hands 
of a clock) be called positive ( + ), and the momjents of the remain- 
ing set of forces which tend to turn the body to the left hand (t.e., 
in the opposite direction to the movement of the hands of a clock) 
be called negative ( — ), then the algebraical sum of the moments of 
the forces which act in one pla/ne, and which a/re in equilibriwm, 
about a point, is zero. 
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Principle of Moments applied to the Lever. ^-A lever is 
simply a rigid rod, bar, or beam, capable of turning about a fixed 

point called the fulcrum (F). Act- 
ing on the lever in one direction is a 
force or set of forces which we shall 
term the pull or pressure (P), and 
in the other direction there is the 
resistance or set of resistances to be 
overcome, which we shall term the 
weight (W). The pressure, P, and 
the weight, W, produce a reaction 
at the fulci'um, which is called the 
equilibrant (E). 

The parts of the lever between 
the fulcrum and the pressure and 
between the fulcrum and the weight 
are called the arms of the lever. 

The accompanying three figures 

show three ways in which F, P and 

W may be arranged with a straight 

lever.* In each case, the opposing moments about the fulorum are 

equal, when the lever is in equilibrium. 



6 



B 



O 

P 



6 
w 



Lbvbrs in Equilibbium. 



Or, 



AF = W 



BF 



satisfies the conditions for equilibriv/m in the case of a Uver. 

Experiment I. — To prove the foregoing statements, take a 
rigid homogeneous bar, AB, of uniform section. Let the bar be 
of yellow pine, i inch deep, ^ inch broad, and 32 inches long. 
Attach to the ends, A and B, light flexible cords with small hooks 
at their lower ends, and attach to the middle of the bar at F 
another light flexible cord, and pass this cord over a pulley having 
a minimum of friction at its bearings. Fix such a weight to the 
free end of this middle cord as will just counterpoise the bar and 
cords. Test the accuracy of this preliminary adjustment by 

* The levers represented by the above three figures are assumed to be 
without weight. A force, P, acts through a perfectly flexible, weightless 
cord at A, and another force, W, acts also through an exactly similar 
cord at B, with the fulcrum at F in each case. In the second and third 
case the cord attached at A passes over a frictionless pulley in order to 
give the necessary direction to the force P. These three relative positions 
of P, W and F used to be termed the first, second and third order of levers; 
but there is no necessity for any such distinction, since all the student haa 
to remember is this, that when equilibrium exists the opposing moments 

about the fulcrum are equal, t.«., (P x AF= W x BF), or, J?-= ??, or ^= — 

' . ' 'W AF' P BF 

The ratio W to P is termed the theoretiedl advantage of the lever. 



PRINCIPO: OF MOMENTS APPLIED TO THE LKVEB. 2 J 

observing whether the bar hangs horizontal, and, if pulled down 
or up a little, whether the weight balances the bar and cords. 
Now affix equal weights, P, of, say, 4 oz., to the cords hanging 



IjE-fior. 






I 

R»fl or. 



B 



D 



P»4 o* R'S or. P-4 oz, 

EXPERIMBNT I. OK.PABALLBL FOBCBS. 

from the ends A and B, and add an equilibrating weight, E, of 
8 oz. to the end of the central cord. You will find that the bar 
will come to rest in a horizontal position, thus proving that; — 






P X AF 
t.e., 4 (oz.) X 16" 

Or, P : P 

t.e., P _ 

P 

Also, that the equilibrant, 

E 



X 
X 



p 

4 (oz.) 
BF : AF 

BF _ 16 
AF 16 



BF 

1 6^' 



= 4 
4 



I 

I 



= P + P 

8 oz. :»= 4 oz. 4- 4 oz. 

If P and P are now removed from the ends A and B, and a 
single weight, R, of 8 oz. be hung from F (as represented by the 
vertical dotted line and arrow), the result as far as the balancing 
of the system is concerned will be unaflfected. 

Consequently, R = E = P + P 
i.e., 8 oz. = 8 oz. = 4 oz. + 4 oz. 

Or, the resultant of two eqqal parallel forces acting in the same 
direction is equal to the sum of the two forces, and acts midway 
between them and parallel to them — i.e., at the same point as the 
equilibrant, and in the same line therewith, but in the opposite 
direction. 
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Experiment II. — ^Take anotheF rigid homogeneous bar, AB, of 
the same uniform section as the previous bar, but let its length 
be 24 inches. Attach cords with hooks to the ends A and B, and 
to a point F, say 8 inches from A and 16 inches from B. Pajss 
this latter cord over the guide-pulley, and fix it there until you 



/^\ 



K- — 



Xl^.Z?foz,..„ 



-*« 



D 

P'ld OJ. 



n»24 02. 



B 



d 

Q»8oz. 



EXFEBIMBNT II. ON PARALLEL FOBCBS. 

have just added sufficient weight to the end A to balance the 
longer end BF; then unfix the end of the middle cord, and 
attach such a weight to it as will counterpoise the whole system. 
Now attach to the cord at A a weight P= 16 oz. ; to the other 
end, B, a weight Q ; and a weight at E, so as to again balance 
the whole system. It will be found that Q equals 8 oz. and 
E equals 24 oz., thus proving that — 



Or, 



%»v»t 



P X AF = Q X 


BF 


16 (oz.) X 8" = 8 (oz.) X 


16'' 


P :Q :: BF : AF 




P _ BF _ 16 _ 2 
Q AF 8 I 





Or, the point F is twice the distance from the end B that it is 
from the end A, and P has twice the value of Q. 
Also, that the equilibrant, 

E = P + Q 

For, 24 oz. = 16 oz. + 8 oz. 

If P and Q be now removed from the cords at A and B, and a 
single weight, R, of 24 oz., be hung from F (as represented by 
the vertical dotted line and arrow), the result, as far as the balanc- 
ing of the system is concerned, will be unafieeted. 



PRESSURE ON, AND REACTION FROM, THE FULCRUM. 2$ 

Consequently, R -i E » P -»- Q 
For, 24 oz. = 24 oz. s 16 oz. + 8 oz. 

Or, the resultcmt of any two parallel forces acting in the same 
direction is equal to the sum of the two forces, and acts parallel to 
them a/nd cU a point between tAem, so that the ratio of the forces is 
inversely/ proportioruU to their distaruses from the point ; or so thai — 

P : Q :: BF : AF 

Pressure on, and Beaction from, the Fulorom. — ^Tou may 
also conclude from these two experiments, if the lever had 
been balanced on a knife-edge or journals, that the pressure on 
the fulcrum due to the forces P and Q would have been equal to 
and act in the direction of the residta/nt E>, and that the reaction 
from the fulcrum would have been equal to and act in the 
direction of the equUibrant E. 

Experiment III. — Supposing that in the last experiment, after 
adjusting the lever by placing a counterpoise weight at A, in order 
to bring the beam to a horizontal position, and after balancing 
the weight of the beam and cords by an equivalent weight at 
position E, you added a weight Q, of 8 oz., to the cord at B, and 
a weight E, of 24 oz., to the cord attached at F, the beam would 
turn, and would only be brought to a horizontal position by 
attaching a weight at A of 16 oz. Hence you observe that P 
acts at A as the equilibrant both in direction and magnitude to 
the two unequal parallel urdike forces Q and E. Ck>nsequently 
a force equal and opposite in direction to P would be the resultant 
of the two forces Q and E ; and it would replace their combined 
effect on the balanced beam. 

Further, P = E - Q; 

for, 16 oz. = 24 oz. - 8 oz. 

And the moments about the position where the equilibrant acts 
are equal, 

for Q X BA = E X FA 

t.c, 8 (oz.) X 24" - 24 (oz.) X 8" 

Equilibrant and Resultant of Two Parallel Forces. — 

From the above experiments you conclude that the equilibrant 
And the resultant of any two lilx parallel forces are equal to 
their sum, and any two unlike parallel forces are equal to their 

diffHrpncpi. J 4. ;« 

Couples. — When the two parallel forces are equal and act m 

opposite directions upon a body, they are termed a oovple. The 

perpendicular distance between the two forces is termed"*^ 

arm of the couple,'* and the " moment of the couple" is the product of 
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one of the forces and the arm. A couple sirnply tends to cause 
rotation of the body upon which it actis,/or it has no resuUmU^ 

since 

R = P - P = O. 

One couple can, however, be equilibrated or balanced by another 
couple of an equal moment, actingin the.dame plane, and tending to 




A Couple. 




Two BALANCIHa COXTPLBS. 



turn the body in the opposite direction. In the accompanying 
figure the couple P, AB,P will be balanced by the couple Q,CD,Q 
if their moments are equal ; i.e., if 

P X AB = Q X CD.* 

We shall frequently have to refer to practical examples of 
couples, such as in a ship's capstan, the screw press used in copy- 
ing manuscript, pressing bales of goods, and the fly press for 
punching holes in thin plates, or for stamping or emboFsing 
metals, dec. 

Centre of Parallel Forces, or Position of Equilibrant 
and Resultant. — From Experiment III. and the accompanying 
figure to Experiment II., you conclude that the position where 
the equilibrant and resultant act is such, with respect to the 
positions where the forces act, that the moments of the forces 
ahorU that position are equal and opposite in effect upon the 
lever. 

For, Q X BA = E (orR) x FA; or, ^ = ?^ 
' ^ ^ ' ' E BA 



 Let P ^ 8 lbs., and Q = lo lbs. ; AB =* lo ft. and CD = « ftL 
Then, P x AB « Q x CD 

Or, 8 X lo =^ 10 X 8 

8o = 8o 
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8 8 I 

t.e., 8 (oz.) X 24" = 34 (oz.) x 8" ; or, — - — - - 

' ^ ' ^ 24 24 3 

P FB 
AndP X AB = E(or R) x FB; or, -= — 

,f / \ i:/f 16 16 2 

*.e., 16 OZ. X 24" = 24 (oz.) X ^^ » ^''' — =" 7. " r* 

The fulcrum F, where the equilibrant and resultant act, is 
termed the cen(/re of the two parallel forces, and it is J of the 
length of the lever from one end, and | from the other end. 

Reasoning generally from this particular case, if you have 
any two unequal unlike parallel forces, P and Q, acting on a 
body in the directions AP and BQ respectively, and of which Q 




E P 

ObNTBB op PABALLXL UNLIKB FOBOlSi 

is the greater force, then if the line AB be drawn perpendicular 
to the directions of these forces, and prolonged, a single force E, 
parallel to P and Q and equal to Q — P, will balance these two 
forces at a point C, so that the moments about C are equal and 
opposite; or, 

P X AC = Q X BO 

Further, a force R, equal and opposite to E, acting at C, will 
represent the resultant of P and Q. This point, (7, is termed the 
centre of the paraUel/orces. 

The position of the point C, which is determined by the above 
equation, is not affected by the directions of the forces so long as 
they act at the same points A and B, and have the same mag- 
nitudes. 

You may imagine any number of parallel forces acting in one 
plane being replaced by a single force. For in the above case 
you have formed a resultant, R, for the two forces P and Q ; 
consequently you could find a resultant, R^ for R and any other 
parallel force — say S; and so on for any number. 
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The final reardtant of the whole oj the forces would act cti a point 
which would he the centre of the system of the whole of the parallel 
forces acting on the body. 

Centre of Gravity. — Since gravity attracts towards the earth 
e:vch particle of matter of which a body is composed, the weight 
of a body may be considered as the sum of a system of parallel 
forces. The centre of these parallel Jorces is called the centre of 
gra/oity of tit/S body, and is the point where the resvltant of the 
weiglUs of all the particles composing the body acts. 

The following statements in small type, which are generally 
proved as propositions and corollaries in books on Elementary 
Theoretical Mechanics, should be remembered by the student : — 

1. If a body is symmetrical, the centre of gravity (or e,g. of the body) coin- 
cides with the centre of the mass. 

2. If a body be miiform, the c^. coincides with the centre of volume. 

3. In a very thin plate of uniform density the eg. coincides with the 
centre of surface. 

4. If the eg. of a body be determined for any one position of the body, 
the same point is the eg. for every other position. 

5. if a body be supported on its centre of gravity, the body will balance 
in any position. Or, a body will balance about its eg. in all positions. 

6. If a body balance in all positions about a straight line through it, the 
eg* lies in that line. 

7. If the eg. be vertically above or below the point of support, the body 
will rest in that position. Hence, if yon balance or support a body from 
two different points, the eg. lies in the intersection of the two vertical 
lines fr9m the t^vo poiutd respectively. Or, if you balance a body on an 
edge, the eg. is in the TertLcal plane passing through that edge. Balance 
it again on a different edge, thus finding another plane which passes 
through the eg. Then the eg. lies in the straight line constituting the 
intersection of the twe planes. Balance the body for a third time in 
another position, then the point where this third vertical plane intersects 
with the straight Une will be the eg. of the body. 

8. The eg. of regular geometrical bodies may easily be found by mere 
inspection when they are of uniform density. 

For Example. — The eg. of a line is at the middle of the line ; of a drde 
at its centre ; of a sphere at its centre ; of the surftice of a uniform cylinder 
and of a solid cylinder at the centre of the axis ; of & parallelogram at the 
intersection of its diagonals ; of a triangle at the intersection of straight 
lines drawn from two of the angles to the middle points of the opposite 
sides ~t.e., at a distance from one of the angles along one of these lines 
equal to | of the line ; of the perimeter of a triangle (t.«., of three uniform 
rods fonning a triangle) at the intersection of the two straight lines which 
bisect two of the angles of the triangle formed by joining the centres of 
the three uniform rods ; of a polygon at the point of application of the 
resultant of the parallel forces represented by the areas of the respective 
triangles into which the polygon may be formed, and where each of these 
forces is considered to act at the eg. of its own triangle ; of a pyramid at 
f of the line from the vertex to the eg. of the base ; of a cone at } of the 
axis from the vertex ; of the curved surface of a cone at | of the axis from 
the vertex ; of a^mmat the middle of the line connecting the eg.*B of its 
ends. 
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The Lever when its Weight is taken into Account. — 

In this case we have to add the moment due to the weight of the 
lever, to the moment of P or of W according as it acts along 
with the one force or with the other ; t.e., according as the eg, of 
the lever is on the same side of the fulcrum as P or W. When 
the lever is of uniform section and density throughout, then the 
e.g. of the lever is at its middle point, and consequently the 
whole weight of the lever may be considered as concentrated and 
acting at that point. 
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Let AB be a uniform lever, of weight w^ acting at its eg, or 
middle point C, let a weight, IF, be attached to the end B, then 
the force P, which will have to be applied to the other end A, in 
order to balance the whole about the fulcrum F, will be found 
by taking moments about F. 

Thus, P X AF + M? X CF = W X BF 

^ ^ p^ WxBF-i^xCF ' 

^"■^ • • • AF 

Example I. — A uniform lever, 5 ft. long, of 30 lbs. weight, is 
placed on a fulcrum 10 in. from one end, and has a weight of 
100 lbs. attached to the short end. What force must be applied, 
and in what direction, in order to produce equilibrium ? Also, 
what is the pressure on the fulcrum, and in what direction does 
the reaction from the fulcrum act ? 

1. Referring to the above figure, we find from the question that 

AB = 5ft. = 6oin.; BF=io in. .•. AF = 50 in. and OF = 20 in. 

W = 100 lbs. and w = 30 lbs. 

2. By the principle of moments — 

The Opposing Momenta about the Fulcrum are equal. 

Consequently, P x AF + w x CF = W x BF 

. ■p_W xBF-M?xCF 

AF 
Substituting the numerical values — 

* If the eg. of the lever was on the opposite side of the fulormn— *.«., 
on th« aide of W, then P x A= W x BF + m? x CF. 
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3. P acts vertically dcnjonvxj/rds, since fche moment dve to the 
weight of the lever is not sufficient to eqnalim the moment due to 
the weight W about the point F. 

4. The pressure on the Jvlcnmi is evidently equal to the sum of 
all the forces, since all the forces act in one direction, or vertically 
downwards. It is therefore equal to 

W + «?4-P=ioo + 3o4-8=« 138 lbs. 

5. The reaction from the/itlcrum is equal and opposite in direc- 
tion to this resultant. It therefore acts vertically upwards, and 
is the equilibrant of the whole of the forces, for a vertical force of 
138 lbs. applied to the lever at F would counterpoise or just lift 
the whole bar with the attached weights P and W. 

Example IL — Suppose everything the same as in the previous 
example but the weight of the lever, which you may consider as 
now equal to 60 lbs. ; what force P would be required, and in 
what direction would it have to act, in order to produce equili- 
brium ? Also, what would be the resultant or downward pressure 
atF. 

1. You observe at once that the moment of the weight of the 
lever is greater than the moment of W about the fulcrum. 

For, w X CF > W X BF 

Since, 60 x 20 > 100 x 10 

Consequently by the principle of moments P must act against 
to, or vertically upwards, so as to assist W, in order that the oppos- 
ing moments about the fulcrum may be equal, 

2. The formula therefore becomes 

w x CF - P X AF = W X BF 
Or, toxCF = WxBF-hPxAP 

wxCF-WxBF ^ 



• < 



AF 

Substituting the numerical values, we have 

60x20-100x10 -o ^ ,, 

=Pr=4 iba 

50 

3. The resultant pressure at F is equal to the algebraical sum of 
the forces, or 

W + M? - P = 100 + 60 - 4 = 156 lbs. 

And acts vertically downwards. The equilibrant would there- 
fore be 156 lbs. acting on the lever at F and vertically upwards. 

Position of the Fulcrwm. — In answering questions which give 
the magnitude of the forces with which they act, and require only 
an answer for the position of the fulcrum, the student has 
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simply to employ the general formula for the principle of mo- 
ments, and then to substitute the known numerical values in 
order to get the unknown. Or, he may reason out the formula 
into the following, shape, and then interpolate the numerical 
values. Beferring to the last figure, suppose that the distance 
AF is required : 

Then, neglecting, the weight of the lever, we have by the principle 
of moments — 

P X AF = W X BF- W (BA- AF)=:W X BA- W X AF. 

Or, PxAF + WxAF = AF(P + W) -WxBA 

WxBA 

•'• ^^~ P+W 

Now, taking the weight of the lever into ctccov/nty we have by the 
principle of moments : 

P X AF + w; X C F = W X BF. 

PxAF + tt7(AF-A0) = W(BA-AF) = WxBA-WxAF. 

^y BA 

PxAF + ti>xAF + WxAF = WxBA + wx = BA(W + Jw») 

...AF=?MW+it^) 
P + t£;+W 

Example HI. — Where should the ftUorvm be placed under a 
uniform lever in order to produce equilibrium, if the lever is 5 ft. 
long, weighs 30 lb&; and has weights of too and 8 lbs. respectively 
hung at its ends. 

From the above general equation for equOibrium— viz. : 

PxAF+i£>xOF-WxBF 
^ X a™ BA(W + iw) 

AF=^ii5?±i5)=,60 1nclie.. 
8 + 30 + 100 

Which proves the data given in Example I. to be oorroot. 
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1. Define what is meant by ** the moment of a force," and gita an 
ample with a sketch. 

2. State '* the principle of moments,'* and apply it to the case of a 
simple straight lever. 

3. A weight of 10 lbs. on the end of ft lever 100 inches from the centre 
of motion is found to balance a weight of 100 lbs. at a distanoe of 10 inches. 
Explain the natural law which governs matter and motion, upon which the 
above mechanical fact depends. (Answer this by giving the definition of the 
principle of moments.) 

4. Describe an experiment to prove the equality of the moments when 
the pall is between the weight and the fulcrum and acts in the opposite 
direction to the weight. 

5. In the case of a straight lever, hew would you ascertain the pressure 
on and the reaction from the fulcrum 7 

6. Three forces, of 12, 10 and 2 lbs., act along parallel lines on a ri|^d 
body ; show by a sketch how they may be adjusted so as to be in equili- 
brium ? Ans, The foroe of 12 lbs. must act as the equilibrant to the forces 
2 and 10 lbs. — 1.«., in a Une with their resultant, but in the opposite direc- 
tion. 

7. Two parallel forces of 10 and 12 lbs. act in opposite directions on A 
rigid body, and at 2 feet apart. Where is the centre of the two forces, 
and what is their resultant 7 Ans. 10 feet from the force of 12 lbs., 2 lbs. 

8. Define the *' centre of gravity " of a body, and show how you would 
find it experimentally in the case of any irregular body. Give an example. 

9. State the rule which applies when two unequal forces balance on 
opposite sides of the fulcrum of a straight lever, the weight of the lever 
being n^lected. A uniform straight lever, 4 feet long, weighs 10 lbs., the 
fulcrum is at one end ; find what upward force acting at the other end 
will keep the lever horizontal when a weight of 10 lbs. is hung at a dis- 
tance of I foot from the fulcrum. Find also the pressure on the fulcrum 
and the direction in which it acts. (S. and A. Exam. 1S91.) Ans. 7*5 lbs.; 
1 2' 5 lbs. downwards. 

TO. A uniform bar, 4 feet long and weighing 4 lbs., can turn about a 
fulcrum at one end, and a weight of 10 lbs. is hung upon the bar at a dis- 
tance of I foot from the fulcrum. Find the upward force at the free end 
which wiU keep the bar horizontal. (S. and A. Exam. 1887.) Ans, 4*5 lbs. 

11. A uniform bar of metal 10 inches long weighs 4 lbs., and a weight 
of 6 lbs. is hong from one end. Find the fulcrum or point upon which the 
bar will balance. Ans. 2 inches from 6 lbs. 

12. Two parallel forces whose magnitudes are 8 and 12 lbs. respectively, 
act in the same direction on a rigid body at points 10 inches apart. Find 
the magnitude and line of action of the resultant of the two forces. Ans, 
20 lbs. at a point 6 inches from the force of 8 lbs. 

13. A uniform lever is 5 feet long, and weighs 10 lbs., the fulcrum being 
at one end. A weight of 30 lbs. is hung at a distance df <a feet from the 
fulcrum ; what upward force acting at the middle point of the lever will 
keep it in a horizontal position 7 Ans. 58 lbs. 

14. Define *' moment of a force." How is it measured 7 A bar of metal 
of uniform section weighs 5 lbs., and a weight of 10 lbs. hangs from one 
end. It is found that the bar balances on a knife edse at 9 inches from 
the end at which the weight bangs ; what is the length of tbe bar 7 
(S. and A. Exam. 1893.) -^^* 4 ft. 6 in. 
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15. State the principle of the lever, and prove it when P and W act on 
opposite sides of the f ulcmm. A weight of 5 lbs. is hung at one end of 
a uniform bar, which is balanced over a knife edge at a point 14 inches 
from the end at which the weight hangs. The bar weighs 30 lbs. ; find 
its length. (S. and A. Exam. 1894.) Ans, 32§ inches. 

16. State the principle of the lever. A uniform straight bar, 14 inches 
long, weighs 4 lbs. ; it is used as a lever, and an 8 lb. weight is suspended 
at one end. Find the position of the fulcrum when there is equilibrium. 
(S. and A. Exam. 1895.) Ana. 2} inches from 8 lb. weight. 
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LECTURE IV. 

Contents. — Practical Applications of the Lever— The Steelyard, or Romah 
Balance— Graduation of the Steelyard — The Lever Safety Valve — 
Uxample I. — Lever Machine for Te>ting Tensile Strength of Materials 
— Straight Levers acted on by Inclined Forces — Bent Levers — The 
Bell Crank Lever — Bent Lever Balance — Duplex Bent Lever, or Lum- 
berer's Tongs —Turkus, or Pincers — Examples II. and II L — Toggle 
Joints — QuestioDA, 

In this Lecture we shall give a number of examples of the 
application of the lever. 
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Index to Parts. 



F represents Fulcrum. 
GA f, Graduated arm. 

SW „ SUding weight. 

P „ Pull due to SW 

SP ., Scale pan. 



W represents Weight in SP. 
AF „ Distance of F 

from F. 
BF „ Distance of W 

fromF. 
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The steelyard, or Boman Balance, is a straight lever with 
tinequal arms, having a movable or sliding weight on the longer 
arm. It is very much used by butchers for weighing the carcasses 
of cattle and sheep, and in such cases it generally has two fulcra 
and two scales of division corresponding to them, the one set 
being, say, for hundredweights and the other for pounds. 

Graduation of the Steelyard. — ^The practical method of gradu- 
ating the steelyard is to put unit weight (say i lb.) into the scale 
pan, SP (or attach it to the hook on the shorter arm if there 
should be no such pan), and mark the position where the sliding 
weight, SW, has to be placed in order to cause equilibrum. Mark 
this position i on the scale. Then put in two units (say 2 lbs.) 
into SP, and adjust SW as before, marking its new position as 
9 on the scale ; and so on until SW is at the end of the longer 
arm. 

In tnis form of steelyard, if the differences of the weights W, 
oorrespondipg to successive distances* i to 2, to 3, <&c., be the same, 
the graduations will be equal to each other. This may be proved 
in the following manner : — First of aU, it is clear that the instru- 
ment can be so constructed that the centre of gravity of the beam 
and scale pan may occupy one or other of three different positions. 
The centre of gravity may coincide with F, or it may be on the 
longer arm, or it may be on the shorter arm. 

Suppose the centre of gramty to coincide with F, ^Ae fulcrwnfh. 

Let the scale pan be loaded to the extent of W units, and 
suppose that the sliding weight of P units has to be placed at A 
in order to keep the beam horizontal. 

ii p 

Stbelyabd with the Centre of Gbavity ooinoiding 

WITH THE Fulcrum. 

Then, PxFA=WxFB . . (i) 

Increase W by one unit, and to restore equilibrium, let P be 
placed at A^. Then, for equilibrium we must have 

PxFAi = (W+i)xFB . (2) 

Subtracting corresponding members of equations (i) and (2) 
we get P(FAi - FA) = (W + i - W) x FB, 

Or, P X AAi = FB, 

FB 
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Increase W by n units, and let F occupy the position A^. 
Then, for equiKbrium, we must have 

PxFA« = (W + n)xFB . . (4) 
As before, subtract the corresponding members of (i) and (4). 
when we get P x AA^ = » x FB, 

FB 

= n X AAj by equation (3) 
Thus we see that the graduations are all equal for equal incre- 
ments of W. 

The student will readily observe that the zero of the scale is at 
F, and by putting W= i in equation (i) we can fix the posibion 
of the first number on the scale 

t.«., P X Fi = I X FB, 

Or, Fi=^. 

I^ext^ suppose the eerUre of gravity to lie in the longer arm at G. 

P I lf?i .. « i^ ^i 

/ 3^\ 4 6 6 7 f 9 10 It 1213 14 IS 
. W '^ P 

Bteblyabd with the Centbb op Gbavity in the 

LONGBB ABM at G. 

Let w = weight of beam and scale pan, and suppose P at A 
and 10 at G to balance W units at B. Then, for equilibrium, 
we have 

PxFA + M?xFG = WxFB . . (5) 

As before, increase W by one unit, and let P be shifted to A, 
in order to restore equilibrium, then we must have 

PxFAj + w;xFG = (W+i)xFB . (6) 
Subtracting (5) from (6) we get 

PxAAi = FB, 

Or. AA,=^ ... (7) 

Now increase W by w units, and let P occupy the position A^, 
then 

PxFA« + «?xFG = (W + w)xFB (8) 

Subtracting (5) from (8) we get 

PxAA„ = »xFB, 

FB 
Or, AA^ = 7ix^, 

9, =» X AAj by equation (7) 
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Thus we again see that the graduations are equal for equal 
increments of the weight W. 
To find the zero of the scale in this case : 
In equation (5) put W = 0, then 

PxFO +w;xFa = 0, 

wJFQ 






P 

That is, the zero is in the shorter arm at a distance from F, 

w. FG 
represented by — ^p — units of distance, the units in this case 

being the same as those measuring FG. 

By making W = i in equation (5) the position of the first figure 
on the scale can be fixed, and then the whole beam graduated, 
since all the divisions are of the Same size. 

One important point to be observed in this arrangement is, 

that when the centre of gravity lies in the longer arm, there is a 

limit to the smallness of the weight which can be weighed in the 

scale pan, since the sliding weight moves along the longer arm 

only. 

Let P coincide with F, then the weight W which must be 
placed in the scale pan in order to just balance the weight of the 
beam and scale pan at G is 

WxFB = w7xFG, 






FB 



Any weight less than this cannot be weighed. This is not an 
objection to the instrument where the weights to be measured 
are great, as in the case of the butcher's steelyard used for 
weighing heavy carcasses. 

When the centre 0/ gravity lies in the shorter arm the gradtiations 
will still he eqtuil. The reaiouing is the same as in the last two 
cases. The student can also prove that the zero of the scale is 
on the longer a/rm at the point given by the equation 

r.^ ^' FG 
FO =-p-. 

In this case all weights, however small, can be weighed. 

The Lever Safety Valve.* — ^The lever safety valve is a simple 

* For a more detailed descriptiom of safety valves and their action 
refer to Lecture XXVII. of the author's Elementary Manual on "Steam 
and the Steam Engine.'' 
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oontrivance fised on the top of a boiler for the puFpoee of auto- 
maticalljr preventing the steam exceeding an agreed-upon working 
preeeure. 

Referring to the ex* figure, YC is a cast-iron valve chest, 
containing a tightly-fitted gun-metal valve seat, TS, on which 
rests a steam-tight gun-metal valve, Y. On the centre of the 
upper side of tUs valve rests a conical steel pin, attached to a 
straight lever b; an eye and bolt. One end of thiB Jever is free 
to turn en a fulcrum fixed to the upper flange of the valve chest, 
and a lock-fast cast-iron weight is placed near the other end, so 



Lockfast Lbvbb Savbtt Valvb. 
iNnsx TO Fastb. 



that the downward moment of the weight about the fulcrum 
balances the upward moment of the steam pressure on the valve 
about the same fulcrum. 

Let L = length of lever in inches from fulcrum to the eg. of 
the weight, W. 
F =I>iBtance in inches from fulcrum to centre line of 

valve, V. 
G = „ „ „ to eg. of the lever, 

W = Weight in Ihs. of the cast-iron counterpoiae block. 
W, = „ „ lever. 

W, = „ „ valve. 

P ~ Pressure of steam in lbs. per square inch. 
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d ^ Diameter of valve in inches. 

A =Area of valve in square inches =-cP. 

4 

P X A = Total pressure in lbs. on the valve. 

Then, by taking moments about the fulcrum, we find the pressure 
of steam per square inch which will balance the several forces. 

For the upwcvrd moment = the awm of the doumwa/rd moments. 

(P X A^ W^)F = (W X L) + (W, X G). 
Or, (PxA)xF =(WxL) + (W,xG) + (W^xF) 

^ WxL + W,xG + W-xF 
••^" AxF 

If we neglect the weight of the lever and the valve- 
Then, (PxA)xF=WxL 

Or, 



P = 



AxF 



Example I. — A valve, 3 inches in diameter, is held down by a 
lever and weight, the length of the lever being 10 inches, and the 
v.ilve spindle being 3 inches from the fulcrum. You are to dis- 
regard the weight of the lever and to find the pressure per square 
inch which will lift the valve when the weight hung at the end 
of the lever iu 25 lbs. 
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W ^25 lbs, 

Referring to the previous figure as well as to the accompanying 
one, we see from the question that 

d=3' .*. A = -cP~ '7854 X 3 x 3 = 7.07 sq. ins.; 

BF = 3", AF = lo'' and W = 25 lbs. 
Taking moments about F, we get — 
(PxA)xBF = WxAF 

P X 7.07 X 3 = 25 X 10 

P = 11'8 lbs. per square inch. 

Testing Maohine. — The following figures illustrate a machine 
which is used for testing the tensile strength of iron, steel and 
such like materials. It consists of a combination of levers. After 
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mastering the general arrangement of the machine by comparing 
the index to parts with the side elevation, the student should 
refer to the accompanying skeleton diagram (where the same index 
letters have been used), from which he will readily understand how 
the stresses are transmitted and magnified. 

Looking at the second of the above figures, or skeleton diagram 
of the levers, it will be seen that when equilibrium exists between 
the stress W on the specimen S, and the pull P, applied at Aj, 

P X AiFi = R X BjFj, and R X A,F, = W x B,F, 

• •^- B,F, - A,F, 

P X A F X A F 
Consequently, W = b,f| x B,F,' ' 

Straight Levers Acted on by Inclined Forces. — In the 
previous Examples and in Lecture III. we have considered the 
forces P and W as acting at right angles to the straight levers. 
In such cases the forces had the greatest advantage, or their 
turning moments were a maximum. But the principle of momenta 
is equally applicable to inclined forces acting on straight levers and 
to bent levers. 

/ \ 

^^ A ^^\ 

w " 

Straight Leviees with Inclined FoECEa 

For, let AjBj be a straight lever acted on by inclined forces, 
P and W. Draw from the fulcrum, F, lines at right angles to 
fche produced directions of the forces as shown by the dotted lines 
m the above figure. 

Then, the effective arms for the forces P and W are respectively 
A,F and B,F ; and equilibrium takes plaee when their moments 
about F are equal ; 

».«., when P X A,F = W x B,P 

Or, P: W::B;F: A,F. 

Bent Levers. — The Bell Crank Lever. — The same principle 
and action hold good in the case of bent levers. Take an ordi- 
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Bary right-angle bell crauk lever, as shown by the accompanying 
figure. Here the effective arms are equal to the actual arms of 
the lever, because the forces have been shown as acting at right 
angles to their respective arms, or with maximum turning 
moments. 

Therefore, P x AF = W x BF. 

But, if the lever be turned round through any angle by, say, an 
extra pull at P, then, in order to ascertain the virtual moments 
we should have to draw lines at right angles from F on the 
directions of P and W in order to calculate their effective 



arms. 




© 
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Bent Lever Balance. — Examine an ordinary bent lever 
balance, such as is frequently used for weighing letters and light 
parcels, where the force P is a constant quantity, and the variable 
force W is represented by the artible to be weighed. As shown 
by the accompanying figure, the effective arms change with each 
weight to be ascertained, and consequently the scale S of this 
balance has to be graduated by trial, or by introducing standard 
pounds, such as SP, or other units, and marking the values on 
the scale opposite the position where the end of the pointer on 
P comes to rest. Or, the graduation might be done by plotting 
the various positions of the arms and values of the forces to scale. 
In the illustration we have evidently got equihbrium when 

P X AF = W X BF. 

Duplex Bent Lever, or Lumberer's Tongs. — The accom- 
panying illustration shows a very useful and simple application of 
the bent lever, which is used at the end of a winch or craaos chain, 
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for affixing to and holding fast stonM, logs of wood, blocks of ice, 
or other heavy articles when they have to be lifted. 

P, P indicate the directiona of the pulling forces on the short 
chains between the ends of the shorter arms and the common link 
which is attached to the crane chain. F is the common fulcrum, 
and W, W show the directions of the forces with which the article 
is gripped. The student will be able to draw a diagram of the 
forces and calculate their effective moments for himself for any 
particular case. 

The TnrkUB, or Pincers.— The ordinary carpenter's tnrkuB, 
or pincers, which is frequently used for extracting nails &om wood, 
is another famihar illustration of the duplex bent lever. As 
shown by the accompanying figure, the forces P,, P|,repreBent the 
forces with which the pincers is gripped by the hand after tbe 
jaws hare been closed on the neck of the nail, and the force B 
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the pr^sure which has to be exerted by tbe arm and body in 
order to extract the nail from the wood — i.e., to overcome the 
frictional resistance, W, between the wood and the nail. As 
shown by tbe separate diagram of forces in dotted lines, straight 
lines have been drawn, not from the joint of the pincers, but 
from a position reprepentiEg the fulcrum F (or point where the 
nose of the pincers rests on the wood), perpendicular t« the direc- 
tions of the forcea P and "W, in order to obtain the lengths AF 
and BF of the eSective arme of the bent lever. 

Here again, P x AF = W x BF. 
Example II. — The handle of a claw-hammer is 15 inchus 
long, and the claw is 3 inches lung. What resistance en a nail 
would be overcome by the appheation of a pressure of 50 lbs. at 
the end of the handle ? 
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You are required to show, by a. diagram, the matmer in which 
you arrive at your result. {S. and A. Exam. 1892.) 

Ahswbr. — Here we have a simple case of a bent lever, with 
fulcrum at F, and effectiva arms, AF, BF, 15 and 3 inches long 



Example or a Bent Lsvbs. 

respectively. Let W represent the resistance in lbs. offered by 
the nail at B. Then, by taking momenta about F, we get 



.-. W = ^° " '5 ^ 250 lbs. 
3 

Example III. — State the mechanical law known as the Principle 
of tJie Lever. In a pair of pincers the jawg meet at i^ inches from 
the pin forming the joint. The handles are grasped with a force 
of 50 lbs. on each handle at a distance of 8 inches from the pin. 
Find the compressive force on an object held between the jaws, 
and also the pressure upon the pin. (S. and A. Exam. 1888.) 

Let P denote the force of 50 lbs. with which the bandies are 
grasped at a distance of 8 inches from F, the pin. Let W denote 




the compressive force on the object O, and B the resultant reaction 
or pressure on the pin or fulcrum F. Although there are two . 
levers here, each having a common fulcrum, V, it 1b best to con- 
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aider the action of one lever only. Suppose the lower handle, H^ 
to be fixed, and consider the action of the upper handle, H^. It 
then becomes a simple question on the lever, 
(i) To find W, take moments round F, then 

W X li" = 50 X 8" 

••. W = 2666 lbs. 

(2) To find R, the pressure on the pin F, take moments round O 
then 

R X 4" = so '^ (4 + 8") - 50 X 9i" 

.•. R = 316 6 lbs. 
Or, since R must be the resultant of P and W, we get 

R = P-4-W = so + 266*6 c= 316-6 lbs. 

Tbm "Toggle,*' or "Knuckle Joint," consists of a well- 
known combination of levers. It is characterised by its capability 
c£ exerting an enormous force through a short distance by meai^f^ 
of very compact and simple elements. This device has beeu 
applied in many well-loiown cases, such as in the stone-crushing 
machine, certain brakes, printing and several forms of packing 
presses, and in the familiar frame by which carriage hoods are 
held in position. 

The accomp€inying diagrams illustrate the principle of the 
*' Toggle," and the plan of its application to a cane mill. 

In Fig. 1,-4-4' are two links jointed at By C, and Z>. The 
point G is fixed, whilst the point B is free to move vertically along 
the line E C. The centre D is connected with the point F by 
means of a third link, formed partly of a spring S, The point F 
is supposed to be fixed in relation to its distance from the vertical 
line F G, but is free to move in a line parallel to E G. Under 
these conditions, a force acting in the direction of the arrow along 
the line G H will resist a much greater force acting along the 
line E G, and tending to move the point B upwards. The force 
along G H acts with a leverage equal to the distance from J to 
(7, whilst the force along B D has only a leverage equal to the 
short length K G. The nearer the centre D approaches the 
vertical line, the greater will be the leverage of the force acting 
on the centre D in the direction G H^ and the less will be the 
leverage of the force acting in the direction E G through the 
Unk A\ In practice, a few railway buffer springs, corresponding 
to aS' in Fig. i, combined with simple links in a compact arrange- 
ment, occupying little space, are suficient to resist forces amount- 
ing to several hundreds of tons. The line E G corresponds to 
Hhe centre line of one of the top cover bolts of a cane mill, G 
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correeponding to the out at the top of the bolt, and therefore 
one of the tixed points in the system ; whilst J? may be taken as 
representing a point in the top cover itself, which is supposed to 
be free to move up and down. 

Fig. 2 illustrates the operation of the system, and directs 
attention to a feature of great practical interest and value. The 

Fig. I. Fig. 2. 




G' 



The Peinciplb of the Toggle Jotnt. 

parts in this figure correspond with those in Fig. i, but it is 
supposed that a force acting in the direction E C has raised the 
point B from its original position, as in Fig. i, to the position F. 
The point D has consequently been moved further away from 
the vertical line E C to the position D\ In this position, the 
leverage of the force acting along G H \a reduced, whilst the 
leverage of the force acting through the link A' is increased, 
Bfi compared with the previous conditions in Fig. i ; but it will 
be seen that Z>, in moving to the position 2>', has compressed the 
spring S^ and therefore increased its resistance. 
Hence, by the principle of moments : 

(Force along B D) x K C = (Force along G F) x J 0. 

J C 
Force along B D = (Force along G F) x v^^i* 



• • 
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Bnt the vertical force £ B =• (Fores along B D) x g^. 

-(Fo«»Jo..«or)xi%x|i. 

But if the linke BD and DOareeqvial, then B J=JC. 
Hence, force along E B = (force along G F) x g q v B D ' 



If the movement along B C is very small compared with the 
length of the links B D and D G, then J C may be considered 

as a constant length. Hence, when the spring is so adjusted that 
its resistance to compression 
is proportional to K C, the 
pressure E B upon the rollers 
will be nearly constant. This 
arrangement of the " toggle 
joint," therefore, automati- 
cally p^mits of light or heavy 
feeding of the canes iu a susar 
mill without bringing urauo 
stresses upon the various 
parts, and thus diminishes 
the chance of breakdowns. 

The following illustration 
shows the actual construdaon 
of the " Toggles " as applied 
to the top roller of an ordinary 
3-roller cane- crushing mill. 
The left-hand half of the 
illustration shows the pod- 
tions of the parts when the 
mill is empty. In this con- 
dition the top roller rests in its 
hearings and gives the mini- 
mum openings between the 
rollers. The right-hand half 
of the illustration shows the 
condition of the system when 
Patbkt Tooolb Afpahatus. the mill is taking a heavy 

feed. It will be seen that 

as the roller rises it lifts the top caps, which are under the control 
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of the " Toggles," until the upward pressuve is balanced by the 
resistance of the " Toggles." 



ToeQLE Joint as Applied to a St'Oar-canb Mill. 

The above U an illustration of a mill made by the Messrs. 
Mirrlees, Watson & Co., Ltd., of Glasgow, with rollers 32 inches 
in diameter by 60 inches long. The arrangement of their patent 
"Toggles" in this case is of a special kind. The vertical bolts 
of the "Toggles" are formed by continuations of the top cover 
bolts, but the mill covers or caps are fixed by nuts screwed directly 
down upon them, and do not lift with the roller. The communi- 
cation between the " Toggles " and the top roller is made by means 
of plungers formed on the under side of the bottom plates of the 
" Toggles," and working through the top caps. The only advantage 
of this arrangement is, that it permits the top cap to be used as 
a brace to bind the upper jaws of the mill cheek together, and 
thus adds in some measure to the strength of the cheek. 
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1. Sketch and describe the steelyard, or Roman balance, and explain 
fully how the graduations on the scale are eqiial for equal differences in 
the weights applied to the shorter arm. 

2. Sketch and describe a lockfast lever safety valTe. A yalve, 3 
inches in diameter, is held down by a lever and weight, the length of the 
lever being 30 inches, and the valve spindle being 4 inches from the 
fnlcmm. You are to disregard the weight'of the lever and to find the 
pressure per square inch which will lift the valve when the weight hung 
at the end of the lever is 56 lbs. An$. 59*4 lbs. 

3. The diameter of a safety valve is 3", its weight $i lbs. ; length of 
fdver is 30", and its weight 16 lbs. ; the distance from fulcrum to centre 
of valve is 3'', and to eg, of lever 12". Find where a weight of 50 lbs. 
must be placed on the lever in order that steam may just blow off at 70 lbs. 
per square inch by gauge. Am, 25-65 inches from the fulcrum. 

4. The safety valve of a boiler is required to blow off steam at 100 lbs. 
per square inch by gauge. The dead weight is 100 lbs., weight of lever 
10 lbs., and of valve 5 lbs. ; diameter of valve 3^'} distance from centre of 
valve to fulcrum 4"^ from eg. of lever to fulcrum 15". Where should you 
place the weight on the lever ? Ans. 36*8 ins. from fulcrum. 

5. Sketch and describe a lever machine for testing the tensile strength 
of materials. If the advantage, or ratio of puU P to resistance R in the first 
lever, is 56 to i, and of the second lever 40 to i, what stress will be produced 
on the test specimen when P = 100 lbs. ? Aru. 100 tons. 

6. A force of 100 lbs. acts at one end of a straight lever, but at an angle 
of 60**. to it. What force acting at the other end of the lever, at an angle of 
45* to it, will keep the lever in equilibrium if the fulcrum be placed half 
the distance from the first force that it is from the second 7 Draw a dia- 
gram of the forces and their effective arms. Aru, 61.25 lbs. 

7. Sketch a bell crank lever, to convey a small movement from one 
line to another, cutting each other at 60° ; the distances moved through 
to be as I to 2. 

8. The handle of a claw-hammer is 12 inches long, and the claw is 2 
Inches long. What resistance of a nail would be overcome by the appli- 
cation of a pressure of 40 lbs. at the end of the handle 7 Show, by a diagram, 
the manner in which you arrive at your result. Ans. 240 lbs. 

9. In a pair of pincers the jaws meet at i^ inches from the pin forming 
the joint. The handles are grasped with a force of 30 lbs. on each handle 
at a distance of 7^ inches from the pin. Find the compressive force on 
an object held between the jaws, and also the pressure upon the pin. 
Sketch the apparatus and show the direction and values of all the forces. 
Ans. 180 lbs ; 210 lbs. 

10. There is a contrivance for obtaining great pressure through a small 
distance, commonly termed the toggle or toggle joint. Will you explain 
it, and sliow wherein its peculiar action and efficiency consist 7 

11. Explain the mechanical advantage of the combination known as a 
toggle joint. Show its application in printing machinery, or in stone 
crushing machines, or in any other instances with which you are 
acquainted. 
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Contents.— The Frinciple of Work— Work pnt in, Work lo8t» Useful 
Work — ^Bfficiencj of a Machine — Principle of Work applied to the 
Lever — ^Bxpeiiments I. II. — Wheel and Axle — The Principle of 
Moments applied to the Wheel and Axle— The Principle of Work 
applied to the Wheel and Axle — ^Experiment III.— The Winch Barrel 
— Example I.— Ship's Capstan — The Fusee — Questions. 

The Principle of Work.* — The principle of work is applicable 
to all machines, and may be stated as follows : — 

The work ptU into a machine is tq%ud to the work o&forM ^ 
the machine plus the work given out by the m>achine. 

Or, Work put in = Lost work + Useful work. 

This is an aasiom. But, nevertheless, many deluded would-be 
inventors have spent much time ^A ^ou.j in Revising « perpe^ 
motion ** appliances, or machines which should turn out as much 
work as, or even more than, was put into them ! 

1. When a machine is employed to perform mechanical work, 
a certain force must be applied to one part of it in order to move 
the machine and to perform work at another part. 

The product of this applied force and the distance through 
which it acts constitute the whole work put into the machine. 

2. Some of this work mtist be expended in merely keeping the 
different parts in motion, against natural resistances due to fric- 
tion at the fulcra or journals, and friction between moving parts 
and the air or water in the case of an hydraulic apparatus. The 
work so absorbed is termed lost work. 

The meac value of the f rictional resistances, multiplied by the 
mean distance through which they are overcome, constitute the 
work lost in the mechanism. One great object to be kept in view, 
in designing most machines, is to minimise this lost work by 
minimising the internal resistances to motion in the machine 

* The IHneipU of Work is usually stated as follows in hooks on Mecha- 
nics, but I find that engineering students much prefer the above definition. 
** If a system of bodies he at rest under the action of any forces, and be 
moved a very little, no work will be done." " Ocmversely : If no work is 
done during this small movement, the forces are in equilibrium." — Prol 
Qoodeve's " Manual of Mechanics," p. 73. 
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itself ; but you must remember that these can never he entirely die- 
posed of, as has only too often been conjectured by " perpetual 
motion '' faddists. 

3. The remainder goes to do the uaefvl work for which the 
machine was designed, and therefore — 

mu ^js ' 4. JL • tbe work cot out. 

4. The effidenoy of a machine = — ^ : — 

the work put in. 

To impress these facts on the mind of the student we present 
them in the following condeosed form : — 

1. Work ptU in ^/oroe applied x the distance it acts. 

2. Work lost ^ force ahsorbed in overcoming internal resisUmces 

X the dista/nce it acts. 

3. UseftU work =/orce given out x the distance it acts. 

4. Efficiency \ = ratio of work got otU to work put in. 

5. Work put in = lost work + useful work. 

Principle of Work applied to the Lever. — In applying the 
above " principle of work " to the lever, we will take the liberty 
of neglecting the lost 
work. We shall therefore 
assume that the friction 
at the fulcrum is so small 
that it mt^ be neglected ^^^^^"^ 

for the purpose we have ^^^^ 

in view. f > *^ — 

Experiment I. — Let ^ S" ^ 

AjF be a straight lever ^\ 

without weight, having ^i 

its fulcrum at F, a force, prihciplb of Work applied to a 
W, acting vertically down- Lkvbr. 

wards from the point B,, 

and a force, P, acting vertically upwards at the end Ap keepin^r 
W in equilibrium. Now imagine the lever elevated tr> the pcsi- 
tion A^. 

The work put m at Aj = P x the vertical distance from Aj to A . 

The work got out at B^ = W x the vertical distance from B^ to B^. 

Therefore, since we neglect all f rictional I'esLstances — 

The work put in = the work got out 
Or, P X AjA, = W X B,B, 

P _ B^B, 

*-^» w " a;a. 

But by Euclid the triangles A^FA, and BiFB, are similar in every 
respect. 
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Therefore, 
Hence, 



Or, 

But this is the equation we proved in Lecture III. with respect 
to the lever as complying with the '^ principle of moments." 
Hence the " principle of work " and the " princijiie of momenta " are 
in agreement. 

In the accompanying figure the force P has been shown as 
elevated through 1 2", and the force W as elevated through 6". 

Therefore, P x 12" = W x 6" 

n P 6 I 

Or, -FTr = — = _ 

' W 12 2 

P being half the magnitude of W, it has to be elevated through 
double the distance in order that the same amount of work may 
be done in the same time. 

Experiment II. — Consider the case of a simple lever, where a 
weight, W, at B is balanced by another weight, P, at A, around 
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a fulcrum at F, without friction. Let the lever be turned through 
90°, or a quarter of a revolution — 1.6., from a horizontal position, 
AB, to a vertical position, A'B'. 
Then by the definition of work — 

The work put in at A = P x A'F, and 
The work got out at B = W x B'F. 
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It does not matter in the slightest degree how circnitous -the 
paths P and W take Id passing from their original to their new 
positions in this case, since all we require to know is the vertical 
diatanoe« through which F is depreased and W elevated. 

Consequently, by the " frinctpfe of Work" 

P X A'F " W X B'F 

But, A'F = AF, and B'F = BF, 

.. Substituting AF for A'F, and DP for B'F, 

We get, P X AF - W x BF 

But this is the equation for the "principle o/momentt," which 
we have again deduced from the " prituiiple of work " by another 
and simpler form of reasoning. We find that this latter method 
appeals more directly to the minds of young engineering etudenta 
than the proofs usually found in books on Mechanics. 

Tbe Wlieel and Axle. — The wheel and axle has been used for 
centuries for drawing water by a bucket from a well. It is used 
by the navvy for lifting the 
material which he excavates 
from the earth, by the mason 
for raising stonee, bricks and 
mortal, and by many other 
tradesmen for a variety of 
purposes; as well as by the 
quartermaster as a steering- 
gear, and the able seaman as 
a capstan. The accompanying 
illustration showH the form it 
takes when used for elevating 
goods in a store or mill.* It 
is simply a practical arrange- 
ment for continuing the action 
of the lever as long as re- 
quired. So long as a sufficient whbbl and Axlk. 
pull is applied to the rope, 

which fits into the grooved wheel, to overcome the resistance of 
the load attached to the chain hook, the weight will be raised. 
The wheel and axle is therefore a form of lever by which a weight 
may be raised through any desired height. 

The Frinoipis of Moments applied to the Wheel and 
Aile. — In the diagram let the larger circle represent the circum- 
ference of a wheel of radius, K, to the periphery of which a force, 
B supplied b; Messrs. 
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P, is applied. Let tb^ smaller circle represent the circumferenoe 
of the axle or barrel of radius, r, to the periphery of which is 

applied a resistance W. Let the forces P 
and W act in the same direction and verti- 
cally downwards. Join the points where the 
lines of action of the forces are tangents to 
the wheel and axle by a straight line, AB. 
Then, AB passes through the common centre 
of the circles — i.e., through their common 
centre of motion or fulcrum F, and AF is 
the effective arm for the force P, whilst BF 
is the effective arm for the force W. In 
fact, AFB is a straight lever in equilibrium, 
with the fulcrum at F. 
Therefore, taking moments about F, we have — 

P X AF = W X BF 
Or, P X R = W X r. 

The Principle of Work applied to the Wheel and Axle. 

Experiment III. — Take a model of the wheel and axle as illus- 
trated by the accompanying figure. Let forces, P and W, act in 
equilibrium, as in the previous case, at radii R and r respectively. 



p w 

Whbibl and Axle. 




Model to Test the Fbinoiple of Wobk applied to the 

Wheel and Axle. 

Now mark carefully with a piece of coloured chalk or ink the exact 
positions where the tape supporting P is a tangent to the wheel, 
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and where the cord supporting W is a tangent to the barrel. Pull 
P until the wheel and barrel have just made one complete revolu- 
tion. Then, neglecting any force required to overcome friction at 
the bearings of the spindle— 

The work piU in by P = 

The work got out in raising W = 

Bvt the work piU in = 

•. P X 27rR = 



27rR 



P ) 
W X 2irr 
the work got out 
W X 2jrr 



Cancelling 29r from each side of the equation — 
We have P x R = W x r. 

But this is the same equation as we obtained above by appl3dng 
the ^^ principle of momenta,*^ Therefore, we see that the ^^prin- 
ciple of moments " and the " principle of work " harmonise. 

The Winch Barrel. — ^The wheel may be replaced by a handle 
H, and the mere axle by a barrel or drum D, of any desired size. 




w 

Side View. End View. 

Winch Barbel and Handle. 

Example I. — A man exerts a constant force of 30 lbs. on a 
winch handle of 15" radius ; what weight will he be able to lift 
attached to a rope hanging from a barrel of 5" radius ? 

By the principles of moments and of work ; and interpolating 
the numerical values — 

Px R = Wxr 
30xi5=Wx5 

.-. W = ^ =^=90 lbs. 

Ship's Capstan. — ^A partly sectional, partly outside view of 
this useful machine is illustrated by the following figure : 

A capstan is generally fixed upon the forecastle of a ship, or 
near to the side of a quay or dock, for the purposes of warping and 



Ship's Capstan. 

IHDBX TO Pabtb. 
CH represents Capstan head. PR lepresents Pall and Ratcbet. 

SS „ Spofees or arms. F „ Frame. 

R „ Radius of S. CP „ Capstan pillar. 

B „ Barrel. FS „ Footstep of CP. 

r „ Radius of B. 

berthing the vessels. The above illustration shows a capstan as 
built into a forecastle, where the round turned footstep, FS, of 
the vertical cast-iron capstan pillar, CP, bears in a caat-iron or 
cast-steel shoe fitted upon the steel or wrought beams of the main 
deck. The frame F, which supports the casing for the pall and 
ratchet gear, may be the beams of the upper or forecastle deck. 
A strong rope made fa>t on shore is passed several times round 
the capstan barrel B, and the slack end of the rope is coiled on 
deck. The addition of the rope to the barrel increases the effective 
arm or radiua r, at which the resistance of the ship acts by half 
the diameter of the rope. Eight or any de.sired less number of 
wooden spokes, S, S, having their inner ends .-quared and tapered, 
are fixed into hollow square holes in the cast-iron capstan 
head GH. Then, just as many sailors as may be required to 
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overoome the resistance of the ship apply themselves to the oater 
rounded ends of the spokes, and push away as hard as they can. 

It will he observed that, calling, p, the force applied by each 
sailor at radius B ; then, when we have two sailors acting on 
diametrically opposite spokes p, 2lt, p forms a couple tending to 
cause rotation of the capstan in one direction. Consequently, 
from the property of couples (as we showed in Lecture III.) this 
couple can only be balanced by another couple acting in the 
opposite direction and having an equal moment. Such another 
couple exists, when the resistance of the ship, W, acting with an 
arm, r (equal to, the distance from centre of capstan to centre of 
rope), balances the corresponding reaction at the centre of the 
capstan barrel. Hence, when the force applied by the two sailors 
is balanced by the resistance to motion of the ship, we have the 
one couple just balancing the other one. 

Or Couple p, 2R, p balancing couple W, r, W 

«.«., p X 2R = W X r 

In the same way, with two, thi*ee, or four pairs of saUors, each 
pair being supposed to act on diametrically opposite spokes, we 
have two, three, or four couples acting in one direction, balanced 
by one couple, viz., the resistance of the ship into the distance 
from the centre of the capstan barrel and the reaction from that 
centre.* 

In the case of four sailors just being able to move the ship, two 
couples, p, 2'Rf p+p, 2R, jp, balance one couple, W, r, W; 

f.6., I>x 2R+JPX 2lt = Wxr 

The Fasee. — As an illustration of the lever action and of 
work put into and got out of a machine, we cannot do better 
than finish this lecture by a description of the construction 
and action of the simple yet most ingenious contrivance termed 
the fusee. In good watches and clocks, where the elastic force 
of a coiled spring is used to drive the works, the fusee is used 
for the purpose of compensating the gradually diminishing puU 
of the uncoiling spring. The driving of the works at a constant 
rate is the object for which a watch or dock is designed. This 
naturally entails a consta/at resistance to be overcome, but since 
one of the most compact and convenient forms of mechanism into 

* The student should draw a plan of the capstan barrel, and show radial 
lines to indicate one, two, or more pairs of diametrically opposite spokes, 
with forces, j7, acting at their ends, all tending to turn the barrel in ont 
direction. He will then see that a couple formed by resistance to the stress 
on the rope, and an equal reaction from the centre of motion, will be required 
to act in the other dhrection in order that equilibrium may take place. 
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vhicfa mechanical force can be etored is that oE a coUed spring, 
and dnee the very nature of the spring is such that its force 
decreases as it uncoils, we must employ some compensating 
device between this variable driving force and the constant 
resistance. The fusee does this in a most accurate and complete 



The ITusbb foe a Clock ob Watch. 
Index to Pabts. 
F Tepresents Fusee. 
B „ Barrel. 
BW „ Batchet wheeL 

manner. Looking at the accompanying figiiics and index to parte, 
we see that the barrel B, which contains the watch or clodc 
spring, is of uniform diameter, and that between the outfiide of 
this barrel and the fusee, or spirally grooved cone, there passes a 
cord or chain. When the winding key is applied to the winding 
square WS, and turned in the proper direction, a tension is 
applied to the cord, and it is wound upon the spiral cone, thus 
coiling up the spring inside the baiTel B ; for the outer end of 
this spring is fixed to the periphery of the harrel, and the inner 
end to its spindle or axle, is in direct gear with the works of the 
clock. When the spring is fully wound up it has the greatest 
force, but it acts with the least advantage, since then the cord is 
on the smallest groove of the cone pulley. When the spring is 
almost uncoiled it acts with the greatest advantage, for then the 
cord is OD the largest groove of the cone. Consequently the tadii 
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of the grooves of this cone are made to increase in proportion as 
the force applied to the cord decreases in order that there shall 
be a constant turning effort on the works of the clock. 

The work put in when winding up the coiled spring, is given up 
by it in overcoming the f rictional resistances of the different parts 
of the mechanism. 

Or the work put in = lost work, for the whole of the work put 
in, is devoted to simply keeping the parts of the machine in 
motion, leaving nothing for other work, unless the dock is used to 
strike a bell or do some other kind of work. 
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Lbotubb v.— Qubstions. 

1. State the " Principle of Work/' and explain the manner in which it 
is applied in determining the relation of a P to W in the lever. A lever, 
centred at one end, is 15 feet long, and a weight of W lbs. hangs from the 
opposite end. The weight W is supported by an npward pressure of 
28,270 lbs. at 13 feet from the fulcrum. Find W. Ans, 24,500-6 lbs. 

2. Define work put in, lost in, and got out of a machine, and prove that 
the work put in = lost work plus the useful work. How are the "advan- 
tage '* and the efficiency of a machine reckoned 7 

3. Sketch and describe the wheel and axle. Apply both the ** principle 
of moments " and the " principle of work '* to find the relation between 
the force applied and the weight raised by aid of this machine. A wheel 
and axle is required so that the force applied at the circumference of the 
wheel in mbving through a distance of 10 feet shall raise a weight of 
4 cwts. through a height of 2 feet. If the diameter of the axle is 10 inches, 
find the force applied in lbs., and the radius of the wheel in feet. Am. 
89-6 lbs. ; 2 feet i inch. 

4. The crank or handle which turns a windlass is 14 inches in length ; 
what must be the diameter of the axle when a man exerting a force of 
60 lbs. upon the handle raises a tub of coals weighing 2 cwt. ? Am, 
7i inches. 

5. In a windlass the barrel is 8 inches diameter, the rope is i J inches 
diameter, and the crank handle 15} inches long. What force must be 
applied at the handle to raise 2 cwt. 7 Also, what weight would be raised 
by a constant force of 30 lbs. applied at the handle 7 Ans, 66-8 lbs. ; 
lOOS lbs. 

6. A capstan is worked by four men ; each man exerts a constant force 
of 30 lbs. at a distance of 4 feet from the axis. A rope of f -inch diameter 
is wound round the drum, of 5} inches radius. Find the pull on the rope 
which balances the pressure on handles. Make a diagram showing the 
action of the forces, and find the pressure on the central shaft of the cap- 
stan. Ans. 921 6 lbs. ; 921-6 lbs. 

7. Describe, with a sketch, the spring-barrel and fusee of a clock or of a 
watch. Explain its action by reference to the principle of moments. 

8. A ship's capstan has a ratchet-wheel with two detents or pawls, 
arranged so that when one is engaged with a tooth of the wheel the point 
of the other is midway between two teeth. Sketch the arrangement, and 
say why in this case two detents or pawls are better than one. (S. and A. 
Exam. 1803. ^ 
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LECTURE VL 

CoKTBifTa— Pnlleys— finatcn Block— Block and TacUe— Theoretical Ad- 
vantage — ^Velocity Ratio— The Principle of Work applied to the Block 
and Tackle — Actual or Working Advantage — Work put in — ^Work 
got oat — ^Efficienoj — Percentage Efficiency — Example I. — Questions. 

Pulleys. — Suppose you had to elevate a sack of flour from the 
ground to an upper storey of a mill or store, you might place it 
upon your back and carry it up the stairs. In doing so, you 
would expend so many foot-pounds of work. Let the sack of 
flour be loo lbs., your own weight 150 lbs., and the height to 
which it is raised be 30 feet. Then the 

Work done in elevating the flour =100 lbs. x 30' = 3000 ft.- lbs. 
„ „ yourself =150 „ x 30' = 4500 , 

Total work done ■■250 „ x*3o' = 75oo , 

And your efficiency as a machine would be found thus — 

Mechanical efficiency = useful work work got ont^ 3000 ft-lbs.^ 

total work work pat m , 7500 it.-lbs. 

Or, your percentage efficiency would be found from the propor- 
tion— 

7500 : 3000 :: 100 : x 

X = 3000 X 100 ^ 40 og 

7500 

In other words, 60 per cent, of the total work done is loH work, 
and only 40 per cent, is u>seful work. 

If instead of carrying the sack upstairs, you found ready to 
hand a long rope (with its two ends close to the ground) that had 
been passed over a smooth iron hook fixed to the outside wall 
above an outside landing for the particular storey of the building, 
and, if you attached one end of this rope to the sack and found 
that by pulling with all your strength (or say with a force of 
150 lbs., t.e., equal to your weight) on the othw end, you could 
just lift the sack. Then, if by this means you elevated the sack 
to the landing, you would hav» expended less work than by the 
Icmner method ; for, 
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Work done in elevating flour = loolbs. x 30' = 3000 ft.-lbfi. 
against friction, &c. = 50 „ x 30' = 1500 

Total work done 



» 
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= 150 »» >« 30 -4500 



» 



.-. Mechanical efficiency =31^"^ ^°'^ ; or, work got ont^jooo^.^ 

total work work put m 4500 



And the percentage efficiency is therefore 66*6. 

For, 4500 : 3000 




100 



X 



_ 3000 X 100 

4500 



= 66-6 % 



Puil m T^JTg 



Hence 33.3 per cent., or J of the total 
work put in by you in pulling at one 
side of the rope, is spent in overcoming 
the friction between the rope and the 
hook and bending the rope over the hook, 

whilst only 66*6 per cent., or |, remain 
for elevating the sack of flour. 

A. If, instead of the iron hook you had 

T found a double-flanged deep V -grooved 

0| pulley with a rope over it, as in the ac- 
///ll% companying illustration, and that this 
Pulley and Weights, pnlley revolved so easily on its bearings 

that you had only to pull with a constant 
force of 1 10 lbs. in order to lift the sack of flour from the ground 
up to the 30-feet level, then — 

Work done in elevating flour =100 lbs. x 30' = 3000 ft.-lbs. 
„ against friction, &c. = 10 „ x3o'= 300 

Total work done 



» 



= 110 „ X 30 =3300 



•*• Mechanical efficiency = 



usefnl work work got out 3000 •! 

total work ' ' work put in 3300 

And the percentage efficiency is 90*9 

For 3300 : 3000 :: 100 : x 

X = 3^2112^ = 90-9 % 
3300 
Hence only 9*1 per cent, of the total work put in is lost work 
in overcoming friction at the pulley bearing and in bending the 
rope over the pulley. 

You see, therefore, what a useful machine a pulley is, not only 
for enabling you to change the direction of a force, but also for 
the saving of labour. 
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A pulley is Hmph/ a wheel and axU wherein their radii are one 
and the aame, or a lever with equal arms. Heoce the principles of 
moments and of work may be applied to it in the same way as 
we applied them to the lever and to the wheel and axle. 

Snatcli Block. — If you should require to put the bend ot n. 
rope on a pulley, and »t the same time prevent the possibility of 
the rope coming out of the groove, without having to reeve th? 
end of the rope between its cheeks, you would use what is called a 
snatch block. One form of snatch block is illus- 
trated by the accompanying figure, where on the 
side of one cheek there is a sneck or snatch, 
which is turned to one side, to enable the bend of 
the rope to be placed around the U groove of the 
pulley. The snatch then falls down and closes 
upon the central pin. Another form has a 
hinged snatch which can be lifted up at right 
angles to the face oE the cheek, and after the 
rope baa been put on the pulley the snatch is 
closed down and locked by a pin attached to a 
short chain fixed to the side of the cheek, jost 
like an ordinary front hinge for closing a chest. 
The single movable pulley, which is used for sup- 
porting the load to be lifted by a Chinese wind- 
lass or by a jib crane, is sometimes called a q«.-.^i, i.,„„ 
saatch block {see the illustration of the wheel and '^"■^^^'^ "">'"  
compound axle in next Lecture, and of jib cranes in Lectures 
Till, and XIII.). In the latter case the chain passes from 
the barrel of the crane over the pulley at the point of the jib, then 
vertically down, underneath the snatch-block pulley, and vertically 
upwards to a point on the under side of the jib where it is fixe.l 
by an eye-shackle with a bolt and nut. If the load, including the 
weight of the snatch-block, be W, then, neglecting friction, the 

W 
pull P on the chain will be — ; f or W ia supported by two ver- 
tical or parallel parts of the chain, each part carrying half the 
load, or W = 2P. If the load be elevated any distance L, then 
the chain will have to be pulled in on the barrel a distance of 2L, 
for by the principle of work 

The jndl x ile distance — the load x. its dittance. 
Or, P X zL - W X L. 

The theoretical advantage is therefore 2 to i, or a certaiii force 
would lift double the weight, neglecting friction. 

Block and Taokle. — Passing over the various arrangements 
of pulleys for lifting weights which are treated of in theoretical 
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mechanics, we come to this well-known and useful contrivance. 
As will be seen from the accompanying sketch, it consists of a 
number of pulleys {or sheaves as they are technically termed) free 
to run round on a. turned central 
iron or Rteel spindle, and inserted 
in a block, having their iron divi- 
sions between each puUey,and strong 
iron cheeks fixed to a swivel joint 
terminating in an iron hook hung 
from an eye bolt. Three bheaves 
are shown in this block, hue the 
number may range from one up- 
wards, accordinj^ to the size and 
work to be done. There is a simi- 
larly constructed block with two 
sheaves, from which the weight to 
be raised, or the body to be pulled, 
is attached, and this is called the 
movable block, whereas the upper 
or home one is termed the fixed 
block. Around the pulleys of both 
blocks there is reeved a rope with 
the inner end made fast to an eye 
on the movable block, whilst the 
free end hangs from one of the 
outside sheaves ; but this arrange- 
ment is frequently reversed, for the 
inner end of the rope may be at- 
tached to an eye on the fixed block, 
and the free end may spring from 
the other one (see the figure in con- 
nection with Example I. of this 
Iiecture). The free end of the rope 
ie then ready to be pulled by the 
Block akd Tacklb. bands or by aid of a winch. 

Now, neglecting friction, and 
supposing the rope to be perfectly flexible, a force, P, applied to 
the free end of the rope would be transmitted throughout it to 
the other end at the movable block. Hence the efiect of this 
force in overcoming a resistance, W, i» multiplied by the number, 
n, ofpo/rU of the rope which gpriiig from the movable block. 

Or, W = hP 

And (i) The them-etieal advtmtage - ^ e " 
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(2) Th» velocity raUo, or ratio of the distance through which 
P acts, to that through which W is overcome in the ea/me time, 

rw- TT 1 -x A* 1**8 distance n 
Or, Velocity ratio =» — _ — » — 

W s distance i 

In the figure there are shown three pulleys in the upper block 
and two in the lower, with five parts of rope springing from the 
latter ; therefore in this case n = 5. 

Here W = nP = 5?; or, P » ^ - ^ 

w 5 

since P must pass through five times the distance that W does 
in the same time. 

The velocity latio - ^ ^^^""^ - !^ - * 

W 8 distance i 1 

So that the theorei ical advantage and the velocity ratio have the 

same algebraical expression and numerical value. (See note, p. 6&) 

The Principle of Work applied to the Block and Tackle. 

— Using the very kind of block and tackle represented by the 

previous figure, attat h a light Salter's spring balance by its hook 

to the rope where the h^iud is shown. Fix such a weight to the 

lower block that the weight of rope between the blocks, the 

movable block, and the load are 60 lbs. Call this W. Now 

pull the ring of the spring balance until the load rises slowly and 

uniformly, and note the reading on the balance ; let it be 18 Ibs.^ 

and let the weight of this balance and the hanging free end, of 

the rope, which is assisting the arm, be 2 lbs. Call this total 

pull of 20 lbs. P ; then : 

(3) The actual or worHng advantage^''^'f^' "^«f ^g=gQ^=f. 
^^' ^ ^ puU applied P 20 lbs. 1 

Lift W up through one foot exactly, and measure the length of 
rope which you have pulled out from the upper block, and you 
will find that it is five feet ; hence,* 

(4) The work put irk = P x n= 20 lbs. x $ ft.*- 100 ft.-lbs. 

(5) The work got out « W x i « 60 lbs. x i ft. = 60 ft.-lbs. 

i^\ mz JB - Work got out 60 ft.-lbs. 

(6) The effidefMy = , ^ . -i --6 

^ ' Work put m 100 ft-lbs. 

(7) The percentage efficiency — "6 x 100 = 60 % 

In the same way the efficiency of any other block and tackle 
may be found, and the student should carry out a series of 

* The above results were obtained by the Anthor from a block and 
tackle of the same kind as that shown by the previous figure, at a demon- 
stration in his Junior Applied Mechanics class. 
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experiments in a laboratory or workshop so as to impress the 
various measurements and the results on his memory. He will 
find that if the efficiency is over 50 per cent, a comparatively 
small load will run down and overhaul the free end of the rope, 
unless it has some restraining force applied to it, or be fixed to 

some rigid body. It is for this reason that 
sailors, who work very much with ordinary 
block and tackle, always " belay " the free 
end of the rope when they have adjusted 
their sails or have heaved up a body to 
the required height. 

Example I. — A tackle, consisting of an 
ordinary double and treble block, is em- 
ployed for lifting a weight of 600 lbs. 
attached to the double block. What 
force is required, neglecting friction ? 
If the tackle is reversed, so that the 
weight is attached to the treble blods, 
the free end of the rope being pulled 
upwards, what force would now be re- 
quired to lift the weight? (S. and A. 
Exam. ^892.) 

Answer. — First Case, — By an inspec- 
tion of the previous figure in this Lecture, 
it will be apparent that the weight W is supported hjfive parts 
of the rope, ov n = 5. 

W W 600 




Block and Tackle. 
2ND Case, Example I. 



• P = 



= 120 lbs. 



n 



5 5 

Secmd Case, — Here the system is inverted, so that the block 
with the three pulleys is lowermost, as shown by the accompany- 
ing figure. In this case it is evident that there .are six parts of 
tke rope supporting W, or 71 = 6. 

600 



-.WW 

no 6 



1 



= 100 lbs. 



Note. — If a machine be supposed to work without f notion, then the ratio 

of the resistance overcome to the effort a^'plied is termed the theoretical 

or hypothetical mechanical advantage. If, however, friction he taken into 

account and an effort P he ahle to overcome a resistance W, then the ratio 

W 

r^ is termed the mechanical advantage. 
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LBOTUBB VI. — QUBSTIOKS. 

1. Suppose that your weight is 10 stone 10 lbs., and that you lift a 
weight of i cwt. on your shoulder^nd walk upstairs with it to a height of 
20 ft. ; what work have you expended, and what will be your efficiency as 
a machine 7 Ans. 4120 ft.-lbs. ; 27 per cent. 

2. Suppose that you had a rope passed round a beam of wood, and that 
you attached 4 cwt. to one end and pulled with a force of 84 lbs. on the 
other end and then elevated it 10 ft. : (a) what work have you put in 7 
(6) what is the percentage efficiency of the arrangement 7 (c) what is the 

percentage of lost work ? Ans, (a) 840 ft. -lbs. ; (b) 66* 6 ; 33' 3. 

3. Suppose that a weight of 4 cwt. is attached to one end of a rope passed 
round a pulley, and that you lift it 10 ft. by pulling on the other end of 
the rope with a force of 70 lbs.: what percentage of the work done is last 
in overcoming the friction at the pulley 7 Ana. 20 per cent. 

4. What w^ be the difference, and why, in the tension on the chain of 
a crane when a gruUch-block is used, and when the weight is lifted directly 
Sketch a snatch-block, and describe its construction and action. 

5. In a rope and pulley lifting block with three sheaves in the upper 
block, and two sheaves in the lower block, find the theoretical advantage 
gained. Give the reason for your answer, and sketch the arrangement, 
showing where the rope is to be attached. Ans, W : P : : 5 : i. 

6. Sketch an arrangement of 5 equal pulley sheaves for lifting a weight 
of I ton. What force is exerted on the rope in your arrangement 7 Ex- 
plain the mode of arriving at this numerical result by the principle of 
work. (S. and A. Exam. 1891.) Ans, With 3 pulleys in upper block and 
2 in lower block, P = 448 lbs. 

7. A tackle is formed of two blocks, each weighing 15 lbs., the lower 
one being a single movable pulley, and the upper or fixed block having two 
sheaves ; the parts of the cord are vertical, and the standing end is fixed 
to the movable block ; what pull on the cord will support 200 lbs. hung 
from the movable block, and what will then be the pressure on the point 
of support of the upper block 7 Give a sketch. Ans. 71*6 lbs. ; 301*6 lbs. 

8. A weight of 400 lbs. is being raised by a pair of pulley blocks, each 
having two sheaves. The standing part of the rope is fixed to the upper 
block, and the parts of the rope, whose weight may be disregarded, are 
considered to be vertical. Each block weighs 10 lbs.; what is the pres- 
sure at the point from which the upper block hangs 7 Ans. 522*5. 

9. A tackle, consisting of an ordinary double and treble block, is em- 
ployed for lifting a weight of 1000 lbs. attached to the double block. What 
force is required, neglecting friction 7 If the tackle is reversed, so that 
the weight is attached to the treble block, the free end of the rope being 
pulled upwards, what force would now be required to lift the weight 7 
Sketch the two arrangements. Ans, 200 lbs. ; 166*6 lbs. 

la Apply the ** principle of work '* to find the relation between the force 
applied and the weight raised by an ordinary set of block and tackle. 
State what is meant by the following terms : — (i) velocity-ratio ; (2) theo- 
retical mechanical advantage ; (3) actual or working advantage ; (4) work 
put in ; (5) work got out ; (6) efficiency of an apparatus or machine ; 
(7) percentage efficiency. 

II. With an ordinary block and tackle having 3 pulleys in upper block 
and 2 in lower block — i.e.t 5 ropes attached to lower block — ^it is found that 
a pull of 50 lbs. is required to raise a weight of 165 lbs. Find — (i) Theo 
retical advantage and velocity ratio =5 : i ; (2) Actual advantage =3* 3 : i ; 
(3) Efficiency of apparatus =* 66 ; (4) Percentage efficiency of apparatus =C6. 
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12. A lifting tackle is formed of two blocks, each weighing 15 lbs. ; the 
lower block is a single movable pulley, and the api)er or fixed block has 
two sheaves. The cords are vertical and the fast end is attached to the 
movable block. Sketch the arrangement and determine what pall on the 
cord will support 200 lbs. hung from the movable block, and also what will 
then be the pressure on the point of support of the upper block. (S. and 
A. Bxam. 1896.) 

13. If the upper block of a set of pulleys and tackle has four equal 
sheaves, and the lower block three equal sheaves, and if a weight of one 
ton is hune on the lower block, one end of the rope beiog fixed to the 
ground and the other end free, what pull upon the free end will raise the 
weight, and what distance will the weight rise for every yard of increase 
of length in the free end 7 If the rope be fastened to the lower block 
instead of to the ground, what pull will raise the weight ? (S. and A. 
Bzam. 1894.) 

14. A machine is concealed from sight except that there are two 
vertical ropes ; when one of these is pulled down the other rises. How 
would you find the efficiency of this lifting machine? What do you 
mean by velocity ratio, and by mechanical advantage t (S. E. B. 1900 and 
1901.) 
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OONTENTS. — The Wheel and Compound Axle, or Chinese Windlass — The 
Principle of Moments applied to the Wheel and Compound Axle — The 
Principle of Work applied to the Wheel and Compound Axle — Ex- 
amples I. II4 — Weston's Differential Pulley Block — The Principle of 
Work applied to Weston's Differential Pulley Block— Experiment L — 
Cause of the Load not overhauling the Chain — Questions. 

The Wheel and Compound Axle, or Chinese Windlass. 
— This ingenious contrivance was first devised by the Chinese 
for the purpose of lifting weights. The theoretical mechanical 
advantage is very great, but it possesses the disadvantage of re- 
quiring a long length of rope to lift the weight a small height. 

Its construction and action will be easily understood from the 
accompanying side and end views, which are taken from a model 
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End View 
(Without End Bearing). 

The Wheel asj} Compound Axle. 
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made in the author's engineering workshop for the purpose of 
demonstrating its action and efficiency to his students. 

The Principle of Moments applied to the Wheel and 
Compoimd Axle. — Taking moments about the axle, we have, 
when there is equilibrium between P and W, 

Pxll+-xr, =^xri 

2 2 

The Principle of Work applied to the Wheel and Com- 
pound Axle. — Neglecting friction, and supposing the rope to be 
perfectly flexible, cause the wheel to make one complete revolu- 
tion in the direction shown by the arrow near its circumference 
on the end view. 

Then, by the principle of work, 

The work put in = the work got out. 
Or, P X its distance = W x its distance ;  
i.e., P X circumference = W x J of the difference of the dr- 
of wheel cumf erences of the larger and 

smaller axles.^ 

Or, P X 27rR = W X J(27rrj - 2frr,) 

(Dividing both sides of th« equation by 2ir) — 

PxR = ^(r,-r^ 
2 R 

Which is the same result as the one above ; consequently the 
principle of moments and the principle of work agree. 

Example I. — In a compound wheel and axle, where the weight 
hangs on a single movable pulley, the diameters of the two por- 
tions of the axle are 3 and 2 inches respectively, and the lever 
handle which rotates the axle is 1 2 inches in length. If a force 

W 

* If —- is raised the circnmference of the larger circle on otie side, 

2 

W 

then — is lowered at the same time on the other side, the circumference 

2 

of the smaller axle ; consequently W will be elevated a distance equal to 
lu^ the difference of the circumferences cf two azles> or = i(29rr, - 29rr,). 
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of lo Ibe. be applied to the end of the lever handle, what weight 
can be raised ? 

Answer.— Here P= lo lbs. ; R= 12" ; r^= i-s" and r.= i". 
By the principlea of momenta cmd of work—^ 

2 
I0XI2=WX J(l.5-l) = Wxix J=:iW 

,«, W»iox 12 X 4 = 480 lbs. 

Example II. — In a compound wheel and axle, let the diameter 
of the large axle be 6 inches, and that of the smaller axle 4 inches, 
and the length of the handle 20 inches ; find the ratio of the 
velocity of the handle to that of the weight raised. 

Answeb. — Here R = 20" ; r^ = 3" ; r, = 2". 

By the principlea of momenta and of work-^ 

PxR = ^(r.-r,) 

"W R 

P_ K3-») -X 
W 20 40 

But by the principle of work — 

P X its distance = W x its distance 
I X P's distance = 40 x Ws distance 

••• The velocity ratio, 

P's distance 40 



Or, 



Ws distance 1 



Weston's Differential Pulley Blook. — ^This practical appli- 
cation of the Chinese windlass is simply a compound axle without 
« the wheel. Or, where R = rj. 

' Hence, PxR= — (R-r) 

where R is the radius of the larger axle or pulley, and r the 
radius of the smaller one. After describing Weston's differential 
pulley block, we will deduce this formula from the ^ principle of 
work " by the same kind of reasoning as we adopted in the case 
of the wheel and compound axle. We leave the student, however, 
to apply the " principle of moments,'' whereby he should get the 
same results. 
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Ab will be gathered from an inspection of the nccom panying out- 
side view and the fimall diagram showing the directions of the forces 
and their arjns, it will be seen that the 
apparatus consists of three parts — (i) 
an upper block ; {2) an endless chain; 
(3) a movable lower block or snatch- 
block. The upper block has a hook 
with swivel joint, from which the iron 
frame is suspended. In the centre of 
this frame is a turned steel axle on 
which rotates a 
couple of pul- 
leys cast in one 
piece, and there- 
fore rigidly con- 
nected together. 
The one pulley 
is slightly larger 
than the other, 
and both pulleys 
have V -grooved 
peripheries with 
side ridges or 
teeth cast on 
the inner sides 
of the grooves, 
so as to fit the 
pitch of thelinks „ „ 

'^E ., , . Skkletoh Fioukh of 

or tne cnain, tvkstom'b Diffbbbntial 
which passes PrLLBv Block. 

over them and 

thereby prevent it slipping over the 
surface of the pulleys. The lower or 
movable pulley is simply an ordinary 

smooth V-grooved pulley with swivel 

and hook Uke that dridy dcoribrf ''""," f ""J""™'"' 

, ,, i_ J. „a 1 L HI l_l. PULLEr BLOCK. 

under the heading " Snatch Block. (gj holt & WiLLBn.) 
The endless chain is an ordinary open- 
linked chain of uniform pitch and size of link. It passes from 
the position where the hand or pull, P, is applied, over the larger 
pulley of the upper block, underneath the lower pulley, over the 
smaller of the upper block pulleys, and back to the starting-point. 
(See also the small figure.) When a pull, F, is applied at this part 
of the chain (if there were no friction), it would be transmitted with 
undiminished value throughout its whole length where tbet«Dsion 
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oan act ; but, as we shall see afterwards, a large proportion of this 
force is absorbed in overcoming friction. The stress due to the 
load W is divided equally between the two vertical parts of the 
chain connected to the lower block, and if W is moved through any 

The Principle ofWork applied to Weston's Differential 
Pulley Block and Tackle. — Theoretically (i.e., leaving friction 
out of account, the weight of the hanging part of the chain and 
the weight of the lower block), we have by the prmoiple of work^ 
in one revolution of the upper pulleys — 

P X its distance = W x its distance. 

P X circumference ofl __ W| difference of the circumferences of) 
the larger pulley J ""2 1 the larger and smaller pulleys. J 

W 

P X 2irR -s — (2irR - 2irr) 

2 

(Dividing each side of the equation by 2V) 
PxR =^(R-r) 

2 
• • " 2R 

(i) The Theoretical Mechcmical Advanictge or ratio of W to P 
is found directly from the above equation by simple transposition. 

W 2R 






P R-r 

(2) The Velocity Ratio (or ratio of the distance passed through 
by P to the distance passed through by W in the same time) is 
also found in the same way. 

Ps distance 29rR aR* 






W's distance i(27rR - 27ir) R - r 

Or, the velocity ratio has the same numerical value as the 
theoretical advantage. 

ExPEBiMENT I. — ^With a Weston's differential pulley block, 
having in the upper block one pulley with an effective radius of 
4" (t.0., from the centre of the pulley to the centre of the chain 
which passes round it), and a smaller pulley with an effective 
radius of 3^", you can just lift a total load of 100 lbs. (including 
the dead weight, the lower block, and the hanging parts of the 
chain) by a pull of 20 lbs. on the chain. 

* Dividing numerator and denominator by 1- does not alter the fraction 
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In this case the HkwniMoi advcmiage and the velocity ratio are 
each equal to-^ 

aB ax 4* 8 16 

Or, the pull on the forward side of the chain must act through 
1 6 ft. for every foot the load is raised. 

(3) The Aohud or Working Advantage of the machine is, how- 
ever, only aB — 

W 100 lbs. 6 

P * 20 lbs. T 

(4) The Workpta in in Hfting W i ft. is 

P X 16 = 20 lbs. X 16' = 320 ft.-lbs. 

(5) The Work gottrntia = W x 1 = loo lbs. x i' = 100 ft.-lbs. 

^^K rw,, F,/*. . . Work got out 100 ft. lbs. 

(6) The £Jicumcy « = Work put in = 320 iiJ^ = •3"5. 

(7) The Percentage Efficiency is 

= .3125 X 100 = 31.25%. 

This is a very low efficiency for a machine, but it accounts for 
one of the useful properties of the Weston's differential pulley 
block — viz., that you can lift a weight by it, then let go your 
hold of the chain, and the weight will remain hanging in the 
exact position you left it, without overhauling the chain in the 
slightest degree. It is therefore an extremely useful appliance 
in engineering workshops where, for example, a slide valve and 
its valve casing port face have to be scraped so as to fit each other. 
After rubbing the valve on the port face, you can lift the valve 
by aid of a Weston's block, and leave it hanging, without any 
fear of its overhauling the chain which supports it, until you have 
scraped off the high or hard parts from the port face, when you 
can lower it for another rub. Or, in the case of having to adjust 
the centres of a heavy job to be turned in a lathe, you can lift the 
job from the lathe by a Weston's block, and leave it hanging 
quite free at the most convenient height to be acted upon, until 
you are ready to lower it again into position. Of course, with 
such apparatus, although the theoretical advantage is great, the 
actual or working advantage is small ; yet this property of not 
overhauling is of such importance that appliances possessing it are 
constantly being used in every engineering workshop. 

Cause of the Load not Overhauling the Chain. — In the 
first place, the chain cannot slip round the pulleys of the upper 
|)lock, because the links of the chain fit into the notches or 
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between the outstanding teeth or ridges cast in their grooves. 
In the second place, the friction between the pulleys of the upper 
block and their axle is so great, that more than 50 % of the '^ work 
put in " is expended in overcoming it. 

To prove this, take the case of the above experiment. When 
the pull P and the load W are both in action, the downward 
pressure (due to these two forces alone) between the pulle3r3 and 
their axle is 120 lbs. (100 lbs. for W + 20 lbs. for P). Now, 
remove the 20 lbs. pull, and you only relieve the pressure causing 
friction by ^; for 100 lbs. (or ^ of 120 lbs.) is still there. But 
friction is practically proportional to the pressure in such a case, 
and therefore, although the pull required to lift the load be 
removed, |- of the total friction will remain at the upper block, 
and the friction at the lower block is unaltered. In lifting the 
load of 100 lbs. I ft., there was put into the machine 320 ft.-lbs., 
or 220 ft.-lbs. was lost work, required solely to overcome friction. 
Consequently, to lower the load of 100 lbs. i ft. there would have 
to be expended at least |^ of 220 ft.-lbs., or not less than 183 ft.-lbs. 
But the load can of itself only give out 100 ft.-lbs. in descending 
I ft.; therefore it must be assisted by at least 83 ft.-lb8. 
(183 ft.-lbs. — 100 ft. -lbs.) put into the chain on the slack side, or 
where it comes down from the smaller pulley. 

This principle of the weight not running down (or overhauling, 
as it is technically termed) is common to aU machines wherein 
more them 50 % of the force applied is spent in merely overcoming 
friotional resistance.* 

^ The stadent should be most earnestly warned against suoh expres- 
sions as the following, which are only too common in books dealing with 
Applied Mechanics : — " By increasing the number of sheaves in a pair of 
pv&ey blockSf the potoer may he increased,** Now, power, 01 the rate of 
doing workf can never be increased by any continuously ousting mechanical 
device, so long as the work given ont depends directly on the work pat in. 
It is simply the force which can be augmented, whilst the dktance 
through which it acts is diminished. Of course, in the case of a pile- 
driver where the weight is lifted slowly and let go suddenly, so that the 
rate of giving out work is greater than the rate of putting it in, it is true 
that the power is increased. But this is not a continuous acting mechani- 
cal device in the sense .referred to above. The fundamental principle to 
be observed is, that no more work can be got c'lt than has been put in. 
The term "mechanical powers" should also b(» l^voided, and the ezpres- 
dons "simple machines '' or "mechanical elements " used instead. 
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1. Sketch and describe the wheel and oomponnd axle, or Chinese wind- 
lass. Apply the ** principle of moments " and the " principle of work '* to 
find the formula for the relation between the force applied and the weight 
raised by this machine. 

2. In a compound wheel and axle the diameter of the two parts of the 
axle are 5 and 6 inches respectively. The weight raised, viz., W, hang^ 
from a single movable pnlley in the usual manner, and is supported by a 
pressure, P, applied perpendicularly to a lever handle 15 inches in length. 
Find the ratio of P to W. Sketch and describe the compound wheel and 
axle, and state its inconveniences. Ans. i : 60. 

3. A force of 20 lbs. draws up W lbs. by means of a wheel and compound 
axle. The diameter of the wheel is 5 feet, and the diameters of the parts 
of the compound axle are 9 and 1 1 inches respectively ; find W. Ans, 
1200 lbs. 

4. In a compound wheel and axle, let the diameter of the larger axle be 
8 inches, and the radius of the smaller one 2 inches, while the force applied 
to the handle passes through 47*12 inches in one revolution. Find the 
ratio of the velocity of the handle to that of the weight being raised. 
An$. 7'5 : 1. 

5. Explain the mechanical principle upon which Weston's pulley block 
18 constructed, and give a skeleton diagram showing the direction of all 
the forces at work. If the weight which is being raised is left hanging, 
and the pull removed, why does the weight not descend 7 

6. Sketch and describe Weston's differential puUey block. If the diame- 
ters of the pulleys are 4 and 4^ inches, what weight can be raised by a 
force of 20 lbs. ? If the weight to be raised is half a ton, what force must 
be applied to the leading side of the chain t (Neglect friction.) Ans, 
360 lbs. ; 62*2 lbs. 

7. Determine the relation between P and W in Weston's differential 
pulley block — (i) by the '* principle of moments " ; (2) by the "principle 
of work." 

8. If a weight is raised by .1 Weston's differential pulley block at the 
rate of 5 ft. per minute, and the diameters of the pulley of the compound 
sheaves are 7 and 8 inches respectively, at what rate must the chain be 
hauled ? (S. and A. Exam. 1888.) Work out answer in full from the prin- 
ciple of work. Ans. 80 ft. per minute. 

9. By experiment with a Weston's differential pulley block it was found 
that a pull of 15 lbs. on the leading side of the chain was required to lift a 
weight of 60 lbs. (including the weight of the lower pulley and hook). 
The dimensions of the apparatus were — radius of larger pulley, 2 inches ; 
radius of smaller pulley, 1-75 inches. Find — (i) the theoretical advantage ; 

(2) the actual or working advantage ; (3) the efficiency or modulus ; (4) the 
percentage efficiency of the apparatus. Why does the weight remain sus- 
pended when there is no pull on the chain f Ans. (i) 16 : i ; (2} 4 : i ; 

(3) '«S ; (4) as- 
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CoNTBNTS. — Gmphio Demonstration of Three Forces in Eqnilibrinm — 
Parallelogram of Forces — Triangle of Forces— Three Equal Forces in 
Eqnilibrinm — Two Forces aotij^ at Bight Angles — Resolution of a 
force into Two Components at Right Angles — Resultant of Two Forces 
acting at any Angle on a Point — Resultant of any number of Forces 
acting at a Point — Example I. — Stresses in Jib Cranes — Examples 
II. IIL — Stresses on a Simple Roof —Example IV. — Questions. 

In Lecture ^. we explained and illustrated how a force may be 
represented by a straight line both in direction and magnitude, 
and we defined the terms components, equilibrant, resultant, re- 
solution, and composition of forces. We will now discuss briefly 
the case of three forces in equilibrium when acting towards or 
from a point, as well as the parallelogram and the triangle of 
forces with examples, before taking up the inclined plane and 
friction. 

Graphio Demonstration of Three Forces in Equilibrium. 
— ExFEBiMENT I. — ^Tako a black board which (for convenience of 
handling and demonstration before a class) may be of the form 
shown by the accompanying figure. Select two movable clamps, 
each fitted with a small V-grooved pulley about 2 inches in dia- 
meter, with a minimum of friction at their bearings, and fix them 
to the outside of the board as indicated. Pass a very fine flexible 
cord over the pulleys, and attach to the ends of this cord 8 hooks. 
Hang from these hooks weights of say 24 oz. and 32 oz.,and from 
the cord (anywhere between the pulleys) another cord with an 
S hook and a weight of, say, 40 oz. After a few up-and-down 
oscillations these three weights will come to rest in the definite 
position shown by the figiu*e, and if you disturb them from this 
position they will invariably return to it again. Consequently, 
you conclude that the three forces acting from their common 
point of attachment are in equilibrium, and that the foroe 40 oz. 
is the equU^ant of the two forces 24 oz. and 32 oz. 

* This Lecture may require two meetings of a class when the students 
have had no previous training in Theoretical Mechanics. In anj case, it 
will be well to spend at least one with a revisal hour before the written 
examination, which should now take place upon the work gone over sino^ 
the beginning of the session, prior to the Ohristmas hclidajni, 
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With a piece of finely pointed white chalk, draw lines (from the 
point where the three forces act) on the black board parallel to the 
cords, and plot off from this point to any convenient scale (say by 
jdd of a two-foot rule) distances along them to represent theii 
respective magnitudes. Extend from the same point in an upward 
vertical direction another line, and mark it off to represent 40 oz. 
This line evidently corresponds, in point of application, direction, 
and magnitude, to the resultant of the components (24 oz. and 
32 oz.)y for it is equal and opposite in direction to their equUi- 
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hfant. From the extremity of this resultant draw lines joining 
the outer ends of the components (24 oz. and 32 oz.). Then you 
have a parallelogi-am whose adjacent sides from the point of 
application, represent, both in direction and ma>n^tude, the com- 
ponent forces, and whose diagonal represents, also both in direc- 
tion and magnitude, their resultant. 

If any other pair of convenient weights be selected and applied 
in the same way, you can find an equilibrant and resultant for 
them. From these experiments you conclude that a general prin- 
ciple, termed the " parallelogram of forces," is true without having 
recourse to any special mathematical reasoning. ^ 
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Parallelogram of Forces. — If iAJoo forcesy acting simultane- 
oualy towards or frani a pointy he represented in direction and 
tpagnitude by the adjo/cent sides of a parallelogram^ then the re- 
sultant of these forces imU he represented in direction and magniitide 
by the diagonal of the paraUelogram which passes through their point 
0^ intersection. 

For example, let any two forces, P and Q, act from the point 
P at any convenient angle, say 60**, then, if OA and OB be 

plotted to scale to represent these 
forces in direction and magnitude, 
the diagonal OD of the parallelo- 
gram OADB will represent in direc- 
tion and to the same scale their 
resultant K. But the resultant R 
is equal and opposite in direction 
to a force E, which would exactly 
balance the effect of P and Q, or to 
a force represented in direction and 
in mo/gnitude by the line DO. Further, since the side AD is equal 
and parallel to the side OB, it may be taken to represent Q in 
direction and magnitude. Hence we have the three sides of the 
triangle OAD taken in the order OA, AD, DO, representing in 
direction and magnitude three forces, P, Q, E, in equilibrium, 
acting from the point O. Hence we have a general proposition 
termed the " triangle of forces," or a deduction from the " paral- 
lelogram of forces.'* 




Component 

Paballelogbam of Fobces. 




E 

Tbianole of Fobces. 




'Triangle of Porces. — If three forces a>cting towa/rds or froTn a 
oi/nl are in equiUbrivmf and a tria/ngle he drawn toith its sides 
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respectively parallel to those forces taken in due order , then the 
forces will he represented to scaie by the sides of the triangle, 

CJoNVBRSELY : — If three forces acting towards or from a point 
a/re represented in direction and to scale by the sides of a triangle 
taken in due order, these three forces are in equilibriwm. 

For example, let the three forces P Q and £ act from the 
point O, and be in equilibrium. Draw a triangle with its sides, 
P, Q, E, respectively parallel to these forces ; then the sides of 
this triangle, taken in that order, represent to the same scale these 
forces. Or, if the triangle, whose sides are respectively P, Q and 
E, represent in direction and to scale the three forces P, Q and 
E, as they act from a point O, these forces are in equilibrium. 
We have shown by a dotted line the resultant R, and its direc- 
tion as opposed to E, by the same side of the triangle. 

It is quite evident that if the forces P, Q and E acted 
towards the point 0, instead of from it, the triangle P, Q, E 
would still represent these forces in magnitude, but the direction 
of all the arrowB would have to be pointed the opposite way. 

Special Cases.— Three Equal Forces in Equilibrium.— It can 
easily be proved by the apparatus used for Experiment I., or by constmc* 
tion, that if you have three equal forces in equilibrium they must act at 
120** from each other, and that the triangle representing their directions 
and magnitudes will be an equilateral triangle, or a triangle whose angles 
are each equal to 60^. 

Two Forces acting at Bight Angles. — In this case it can be 
proved by the t^me apparatus, or by Euelid, Book I. Prop. 47, that any two 
forces P and Q, acting at right angles to each other, have a resultant R, or 
are balanced by a third force E, of such magnitude that — 

E«=R«=r»KQ2 

Consequently, if yon hare any two forces in the proportion of 3 to 4 
acting at ri^t angles to each other, their resultant will proportionately 
be 5. 
For, suppose P=3a, Q=4a, where a is any number of units ol-force. 

Then, B?=:P*+Q», 

s=9a'+i6a*, 

=25^, 

.*• P : Q : B = 3a :4a : 5a 

=3:4!5- 

Conversely, if any two forces in the proportion of 3 to 4 units are 
balanced by a third force proportionally of S units, the forces 3 and 4 niusfc 
be acting at right angles to each other. 
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Besolution of a Force into Two Components at Bight Angles 
to each other.* — ^Let R be the force to be resolved, P and Q the com- 
ponents, and let R nu^e an angle, 9j with the force Q. 



Then . 

And . 

Also . 



. R . Cos e = Q ; f or Cos ^ = 9 

. R . Sin ^ = P ; f or Sin ^ = S 

. ^^L^^= ^ = Tan a 
R . Cos ^ Q 



Befiiiltant of Two Forces acting at any Angle on a Point. — 

The proof of this general case must be left to the Author's Advanced 
Treatise on Applied Mechanics, but the formula may be given here, viz. : 

R2 = p2 + Q2 + 2P X Q Cos a 

where P and Q are any two forces, R their resultant, and a the angle 
between the directions of the forces P and Q. 

If P=«Q, then— 

R2 = P2 + pa + 2P2 Cos o = 2P2 + 2P2 Cos a 

or, R> = 2Pa (I + Cos a) "^ '^"^ " 



= 4P2 Cos ~ 

2 



.% R = 2P Cos - 

2 



.9 a 



(Since Cos a = 2 Cos^ -. -j \ 

2 ' 



Besultant of any Number of Forces Acting at a Point.— Let 
P.. Po, Pt &c., be any number of forces acting at a point ; then, by the 

parallelogram of forces find a resultant, R., 
for Pj and P.^ ; and a resultant, R^ for Rj and 
P, ; and so on. The last resultant will be the 
resultant of all the forces. 

Sxample I. — Forces 3, 5 and 7 units act 
from a central point O at equal angles. Find 
the resultant. 

Akswbe. — Let OA, OB and OC represent 
the forces in direction and magnitude. Then 
you can follow out the above rule and find a 
resultant for, say, 3 and 5 — call this R, ; and 
finally find a resultant for R, and 7. But it is 
obvious that you may subtract 3 units from 
each of them without affecting the result, 
since the forces are acting at equal angles 
from each other. This wiH destroy one of 
them, and leave OB, to represent 2 units, 
and OC, to represent 4 units. Then, by the 
parallelogram of forces you find the resultant 
R=3'5 units. 

* The reverse of this may be applied to the composition of two or more 
forces aeting at a point in one plane, but we will leave the demonstration 
of such problems, as well as that of the polygon of forces, to onr Advanced 
Book on Applied Mechanics. 
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Stresses in Jib Cranes. — Ab a, practical example of the appU- 
cation of the " triangle of forces," take the case of an ordinary 
hand-worked jib crane. The load ia suspended from the hook 
H of the snatch-block SB ; or, in Lhe case of a crane for lifting 
light loads quickly, to a simple hook with a swivel attached directly 



A Central post. J represents Jib. 

„ Framing. JP „ Jib pnller. 

WG „ Wheel gear. SB „ Snatch-block. 

C „ Chain. H „ Hook. 

TR „ Tie-rods, 

to the end shackle of the chain C, as it comes down from the jib 
puUey JP, instead of the chain passing round a snatch-block 
pulley, and up to an eyebolt near the point of the jib. 
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(i) The load produces a tension on the chain C. 

(2) A thrust along the jib J, frcm the jib pulley to the 
eye-bolt connecting the shoe of the jib to the bottom of the 
framing F. 

(3) A tension in the tie-rods from the top of the framing to 
their connection with the top of the jib. 

(4) This tension on the tie-rods produces a horizontal puU, 
tending to bend and break the crane-post CP, where it leaves the 
upper foundation plate-bearing and joins the framing. Cranes 
for heavy lifts require a back balance weight to counteract this 
force. (See the third figure in Lecture XIII.) 

(5) It also causes an upward pull, tending to unship or Uft the 
crane-post from its beai'iugs in the upper and lower foundation 
plates. 

ThiB diiections and values of these stresses will be better under- 
stood by the student after considering a particular example. 

Example II. — In a hand-worked jib crane of the form shown 
by the above figure, the length of the jib is 30 feet, the lengths of 
the tie-rods are 25 feet each, and the vertical distance between 
the attachments of the tie-rods and of the jib to the framing, is 
12 feet. Find the stresses produced on these parts of the crane 
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by a load of lo tons hung from the hook, neglecting all other 
stresses produced by the weight of the several parts of the 
crane. 

Answer. — Firsts draw a ** frame diagram/' or figure to scale,, 
representing the directions and the lengths of centre lines of th^ 
various parts under stress. As shown by the frame diagram off 
the accompanying upper figure, AB represents the 1 2 feet vertical 
distance between the foot of the jib and inner ends of the tie-rods 
marked post, BC represents the 30 feet jlbj AG the 25 f©©t tie- 
rodsy and OW the 10-ton load — all to the same scale. 

Now, it is evident from an inspection of this figure that the load 
W causes — 

(i) A vertical downward tension on the chain from to W. 

(2) A thrust or compression along the jib from to B, which 
produces an equal and opposite reaction from the framing at B 
along the jib from B to 0. 

'3) A tension on the tie-rods from A to C. 

[4) This tension on the tie-rods may be resolved into a hori* 
lontal pull or force from A towards the direction of W, tending: 
to bend or break the post about B. 

(5) Also, a vertical upward pull or force in the post from B 
towards A. 

The student should mark the directions of these vaiious forcel- 
by arrowheads on his frame diagrams. 

Secandj draw a ''stress diagram," viz., a6, vertical and to a con- 
venient scale, to repr^ent the downward force of the lo-ton load! 
on the point C ; 6c, pai-aUel to the reaction along the jib from B to- 
O ; and ca^ parallel to the tension in the tie-rods from to A. 

Then, by " the triangle of forces," since we have three forces 
acting from the point C (viz., \oad, reaction along jib, and tension 
in tie-rods) in equilibrium, and since we have drawn a triangle with 
its sides respectively parallel to these forces taken in due order ; 
the forces will be represented to one scale by the sides of this 
triangle. Consequently, a6 represents the load to scale; bo the 
reaction along the jib; and ca the tension in the tie-rods. Now, 
this tension on the tie-rods may be resolved into vertical and 
horizontal components by the method already described in this 
Lecture ; therefore, a vertical line, ad, represents the vertical 
component or upward pull on the post, and do the horizontal pull 
on the same, both in direction and to the same scale as a^ repre- 
sents the load. By applying the scale to which ab has been 
drawn to represent 10 tons (viz., yV''^^ ' ton), bo shows 25 tons; 
ea, 20-7 tons (which would be 10*35 ^^^ ^^ ^^'^^ tie-iKxl if they 
were parallel to each other, but more if inclined from the jib-head 
(o the outside of the framing) ; cd^ 20 tons; ajadad, 4 tons. 
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Force 
Diagram 



VD 



Tension in the Tie-bod 
AND Thrust in the Jib 
OF A Cbane. 



Example III. — In a common crane the jib is 15 feet long, and 
tlie tie-rod 12 feet. The tie-rod is attached to the crane post at a 
poiat 5 feet above the foot of the jib. If a weight of 6 tons be 
hung from the point of the jib, find the tension in the tie-rod and 
the thrust in the jib. * 

Answer. — First draw the frame diagram as explained in Ex- 
ample II., marking the lengths of the parts by dotted lines and 

arrow-heads. (The student in his 
diagrams should also mark the direc- 
tions of the stresses.) 

Second^ on the line of action of 
the weight W draw ca to scale to 
represent the direction and magni- 
tude of the weight, 6 tons, ^en 
draw cb parallel to the jib, and ah 
parallel to the tie-rod. The triangle, 
ca6, represents by its sides to one 
scale the magnitudes of the forces 
— viz., 14.4 tons tension in the tie- 
rods and 18 tons thrust or reaction 
in the jib.* 

Stresses on a Simple Roof. — 
ExAXPLB lY. — ^The weight on each principal of a simple 
triangular roof is i ton. Eind the stresses on the points of 
support and in the several members of the principal. 

Answer. — Firsts draw a frame diagram of the principal, where 
AB and AO represent the direction and length of the rafters^ 
and BO represents the tie-beam. 

Then, the whole weight may be supposed to act in a vertically 
downward direction, AW, from the junction of the rafters through 
the middle of the tie-beam. This weight naturally produces a 

W 
pressure at B and at of — . It also produces at these points 

W 
reactions R^ and R„ each equal to — , since the whole is sym- 
metrically balanced about the central vertical line AW. Further, 
there is a stress of compression along the rafters in the directions 
AB and AC, and consequently an equal and opposite reaction 

* We have purposely used the letters ABC and abc differently placed 
from the previous figures in Example II., and have drawn the stress dia- 
gram in a different position, in order to teach the student that he must not 
depend upon his memory with regard to letters, but upon a clear under- 
standing of the "triangle of forces." Students should draw their frame 
ind stress diagrams to as large a scale as their exercise books will admit. 
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along those' members from B to A, and from C to A. Also, there 
is an equal tension on the tie-beam from its centre towards B and 
towards C. 

Second J draw the stress diagram for the three forces that are in 
equilibrium at the bearing C (viz., the vertical downward pressure 

W 

— , the horizontal tension along the tie-beam and the reaction along 

the rafter from C to A) by plotting DC as a vertical line to scale to 

W 

represent — , or 10 cwt., and drawing DE parallel to AC, and 

producing the tension on the tie-beam until it meets thi^ line DE. 
Therefore, the other sides of the triangle DOE represent in 




Fbame and Stbbss Diagbams of a Simple Roof. 

direction and to the same scale as DC represents 10 cwt. ; the ten- 
sion on the tie-beam by CE, equal to 10 J cwt. ; and the reaction 
along the rafter by ED, equal to 15 cwt. 

In a precisely similar manner the stresses at the beariug B may 
be found by the " triangle of forces." 

We will leave the more complicated questions in graphic statics 
to our book on the Advanced Stage of Applied Mechanics, since 
we believe the elemeiltary or first year's student will find that 
what has been included in this Lecture is sufficient to enable him 
to understand what will be brought before him in the future 
Lectures of this book, as well as prepare him for answering the 
various problems which are likely to be asked of him. 
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Legtubb VIIL— Questions. 

1. State the principle of the parallelogram of forces, and explain how 70a 
wonld prove the truth thereof by experiment. A vertical force of 50 lbs. 
is balanced by two forces of 30 lbs. and 40 lbs. Find their directions and 
the angle between them. 

2. Represent the point of application, the direction and the magnitude 
(to a scale of ^ inch to a pound) of the following forces : — 10 lbs. acting 
northwards, 15 lbs. acting eastwards, 20 lbs. acting southwards, and 25 lbs. 
acting westwards, all from one point. Find their resultant, and its direc- 
tion. Ans. 14* 1 1 lbs. acting south-west. 

3. State the principle of the triangle of forces. Three forces, P, Q and 
R, act from or towards a point, and are in equilibrium. Show graphically 
how you would represent their mr.gnitude and direction by the three sides 
of a triangle taken in order. Expkiin the converse of this question. 

4. Two ends of a piece of cord are fastened to two nails in a wall 8 ft. 
apart in a horizontal line. The cord is 10 feet in length, and has a knot 
4 ft. from one end, from which point a weight of 25 lbs. is suspended. 
Kind by conbtruction the stresses on the nails, and indicate their direction 
by arrows. Ans. 22*5 lbs. ; 17*5 lbs. 

5. Show how to resolve a force into two oomponents at right angles to 
each other. A force of 100 lbs. acts at (ist) 30 , (2nd) 45**, (3rd) 60 , (4th) 
75** to the horizontaL Find by construction the vertical and horizontal 
components for each case, and prove your results by calculation. 

6. Sketch an ordinary hand-worked jib-crane. Explain its action by an 
index to parts, and show how the various stresses due to a load on the 
chain act, by aid of a frame and a stress diagram. Nine tons is hung 
from the end of the jib of a crane, which is inclined to the horizontal at 
an angle of 60^. If the compression on the jib is 16 tons, find by frame 
and stress diagrams the tension on the tie-rod. Am. 9*4 tons. 

7. In a crane, show the method of estimating the tension of the tie-rod 
and thrust on the jib when a given weight is hung from the end of the jib. 
If the load =6 tons, and the tension of the tie-rod (which makes an angle 
of 60° with the vertical) = 18 tons, find by a diagram drawn to scale the 
thrust on the jib. (S. and A. Exam. 1890.) Ans, 21*6 tons. 

8. In a common crane the jib is 30 ft. long and the tie-rod 24 ft. The 
tie-rod is attached to the crane-post at a point 10 ft. above the foot of the 
jib. If a weight of 10 tons be hung from the point of the jib, find by con- 
structing a frame and a atress diagram — (a) the tension on the tie-rod ; 
(6) the thrust on the jib ; (c) the horizontal pull on the post ; {d) the up- 
ward pull on the same. Ans, (a) 24 tons ; (6) 30 tons ; (c) 21*2 ; {d) 11*2 
tons. 

9. A symmetrical pair of steps, hinged together at the top and connected 
together by a string at the bottom, stands on a smooth horizontal plane. 
If the length of each side be 3 feet 3 inches, and the string be 3 feet in 
length, find the tension of the string when a person of 140 lbs. in weight 
stands on the steps at a height of 2 feet from the ground 7 How is the 
tension of the string affected as the person ascends the steps? (S. and 
A. 1S96.) Ans. ^o lbs. When t)ie person |s at the ver^ foot of %h^ 
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steps the tension =o ; Avhen he is at the top, the tension is a mazimnm of 
nearly 73 lbs. 

10. A rectangalar trap-door measuring 4 feet square and weighing 
75 lbs. is hinged with one edge horizontal, and is supported in the 
horizontal position by a chain which is connected with the middle point 
of the outer edge of the trap-door, and with a point yertically over the 
middle point of the edge in which the hinges are fixed, but 7 feet above it; 
Sketch the arrangement, and determine the tension upon the chain and 
the reaction on the hinges. (S. and A. 1895.) ■^^^' T=R=43 lbs. 

11. A load, W, of 2000 lbs. is hung from a pin, P, at which pieces AP 
and BP, meet like the tie and jib of a crane. The angles WPB and WPA 
are 30" and 60° respectively. Show by a sketch how to find the forces in 
AP and BP. Distinguish as to a piece being a strut or a tie. (S. and A. 
1897.) Ans, Strut, 3464 lbs. ; tie, 2000 lbs. 

12. Two pieces in a hinged structure meet at a pin, and a load is 
applied at the pin. Show how we find the pushing or pulling forces in the 
pieces. Describe an apparatus which enables vour method to be illustrated. 
(S. and A. 1898.) 

13. The weight of a chain hanging from two points of support is 500 lbs. 
Its inclinations to the horizontal at the points of support are 30° and 50** 
respectively ; what are the tensions at the points of support. (S. and A. 
1899.) Ans. 326*4 lias. ; 440 lbs. 

14. The weight of a cN^in hanging from two points of support is 220 lbs. ; 
its inclinations to the horvzontal at the points of support are 25° and 42° 
respectively ; what are the tensions in the chain at the points of support f 
Ans. T=iJ7-6 lbs., 2",= 214*5 ^^s. (S. B. B. 1900.) 
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LECTURE IX. 

COKTBHTB.— Ihclined Flanes— The Inclined FUme withoat Friction—- 
When the Force acts Parallel to the Plane— Example L — ^When the 
Force acts Parallel to the Base — Example II. — When the Force acts 
at any Angle to the Inclined Plane — Example III. — ^The Principle of 
Work applied to the Inclined Plane — ^Example lY. — Questions. 

Inclined Planes, — An incllDed plane is a plane surface inclined 
to the horizontal, whereby a certain force may be used to raise a 
greater weight to a desired height than could be done by applying 
it dii*eetly to elevate the weight vertically. Inclined planes are 
also used for easing down weights with less retarding force than 
would be necessary to lower them vertically. In another form, 
caUed the wedge, inclined planes are employed for splitting bodies, 
or diflerent parts of the same body, asunder, as in the case of the 
steel wedge used by the woodman to spht up logs for firewood and 
other purposes. Wedges are also used for forcing bodies together, 
and for fixing them tightly in a desired position ; or for elevating 
them through a ^moll distance, as in the case of the levelling of 
the heavy cast-iron sole-plate of an engine. And further, as we 
shall have occasion to prove, the well-known screw, in whatever 
form it may be applied, is simply an inclined plane of a particular 
shape. 

The Inclined Plane without Friction. — In the first place, 
we will consider the inclined plane with a body placed thereon and 
kept in position by a force a| plied to the body, when all friction 
between the plane and the body is supposed to be absent or negligible 
— I.e., both the plane and the body are assumed to be perfectly 
smooth. There are three cases of this statical problem. 

(i) When the force supporting the body acts parallel to the 
inclined plane. 

(2) When the force acts horizontally. 

(3) When the force acts at any angle to the plane. 

Case I. — Let the force P act parallel to the pla/ne, and let the 
accompanying figure represent a vcitical section through the plane 
and the e.g. of the body. Let a be the eg, of the body; W its weight, 
acting vertically downwards along the line aW ; P the necessary 
pull (to keep the body in position) applied along the line aP, 
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parallel to the plane AB ; and B the reaction from the plane (due 
to the weight of the body resting thereon), acting along the line 
dR, at right angles to the plane. 

Also, let the length of the plane AB be indicated by 1/ its 
height, BC, by h ; its base, AC, by b ; and the angle of the plane 
to the horizontal by a. 

Now, by the " triangle of forces," since we have three forces, 
W, P and R, acting at a, the eg, of the body, and since thes« 
forces are in equilibrium, if we construct a tnangle whose sides 




Inclined Plane, Case 1. 
When P acts Parallel to Plane AB. 

are parallel to these forces, they will represent them in direction 
and in magnitude. 

Therefore, plot off along the line aW a distance ah, to repre- 
sent the weight of the body W, to any convenient scale. From, 6, 
draw a line be parallel to P, and from, a, extend the direction of 
R to, c, by the line oc. 

Then, W : T :B. : : abibo :ca 

But by Buclid the triangle abc is similar to the triangle ABC. 

••• ab : be : ca :: AB : BC : CA 

And, 

Consequently, 

Or, 
Or, 
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-—r = Sin CI 
W 



— = Cos a ; 



and — 
R 



= Tana 



Precisely the same results will be arrived at if (as shown by the 
right-hand side of the figure) we considered the vertical side BO 
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of the triangle ABC as representing W, and then have drawn n 
line from C on the dii-ectJon of AB, parallel to R. It iviil form 
a useful exercise for the student if in every cose he will plot down 
both methodi^ and mark along the tieUa of the triangle of forces 
the respective /woes which they respectively represent. 

Example I. — A weight of too lbs. is supported on a Btuooth 
linclined plane by a force P, acting parallel to the plane. If the 
incline be i in lo, find P, and give the reasoning by which you 
establish the result. 

Amsweb. — Draw a figure exactly the same as that accom- 
ipanying Case 1, and mark W= loo lbs., 1= lo, and A = i. Then 
■by the " triangle of forces " : 



Case 2. — JA the fonx P act parallel lo the base, with 




Incuned Plane, Case S. 
When P acts Paealikl to Babe AC. 

elgnification for each of the forces and parts of the inclined plane, 
-and the same assumptions. Then plot off ac, along aW, to represent 
W ; draw cb parallel to P, and extend the direction of R back- 
vards along ao, until it meets c& at the point b 
Then W:P:B::iM:c6:&a. 

Bnt bj Bnclid the triangle ad) is similar to the triangle AOB. 
.: ac : d> : ba ::AC:CB:BA 
■AaA, AC :CB:BA:: b : h : I 
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OonBequently, 
Or, ^ 

Or, 



L-Tan, 



E 



; and4 



Precisely the same results will be aiTived at if (as shown by 
the right-hand side of the figure) we considered the vertical aide 
BC of the triangle ABC as representing W, and then draw a line 
from C parallel to R, and a line BD, parallel to F, to meet the 
line CD. 

Example II.— A force of loo lbs. is supported on a smooth 
inclined plane by a force P acting parallel to the base. If the 
incline be i in lo, find F. 

Answer. — Draw a figure exactly the eame as that accom- 
panying Case 3, and mark W = ioo lbs., l=jo,a,ndh= i. 

Then, by the " triangle of forces " : 



W 



CB ^ 

aU ' 



- jrc 



~ ^/99 9-95 



W 



•  ' ^^r -7 = 1006 lbs. 

995 9-95 

Case 3. — Let the/m-ce P act at any amgle 8 to the inclined plana 
AB. With the same signification for each of the forces and parts 
of the incited plane, and the same assumptions, plot oflf from a. 




IncLifiED Plane, Casb 3. 
Whbn P acts at any Angle to Planb AB, 
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along the line aW, a distance arni^ to any convenient scale to 

represent the weight of the body W. From this point, m, draw 

a line mn parallel to P, and extend the direction of B backwards 

to meet this line. This small triangle, arnvn^ will be a '' triangle 

of forces," for W, P and R, which are in equilibrium about the 

eg, of the body at a. 

But in this case the student will probably realise the proof of 

^he problem more easily if he considers BC as representing to 

scale the weight W, and then draws CD parallel to B, and DB 

parallel to P, 

When W : R : P : : BO : CD : DB, 

or the triangle BCD is the " triangle of forces,'* representing the 

forces W, R and P in direction and magnitude by the sides BO, 

CD and DB respectively. 

P DB R CD ^ P DB 

Or • — = — : and 

^' W"BC'W BC R~OD 

If we resolve the force P (which acts at th^ angle 6 to the in- 
clined plane) parallel to the plane, then we can treat the com- 
ponents of P exactly in the same way as we did the simple force 
P in Case 1. 

If we resolve P into the direction of R, then this component 
acts with R, and is evidently balanced by the resolved part of W 
in the same direction — i.6., along the line, an. 

Example III. — A weight of loo lbs. is supported on a smooth 
inclined plane by a force P, acting at 6o* in an upward direction 
from the inclined plane. If the incline be i in lo, find P. 

Answeb. — Draw a figiu'e exactly the same as that accompanying 
Case 3, and mark W = loo lbs., Z= lo, A= i, and ^=6o*. 

Then by the " triangle of forces," BC represents W, and DB 
represents P to scale. Measuring their respective lengths we get 

P = w5^ -ICO — =20 lbs. 
BO IOC 

Frinoiple of Work applied to the Inclined Plane. — 

Referring to the figure for Case 1, let the body, whilst under 

the action of the three forces W, P and R, be moved the whole 

length of the incline. Therefore P acts from A to B, and at the 

same time W acts through a vertical height OB. Consequently, 

neglecting friction as before, we have by the *' principle of work " — 

The work put in = The work got out 

P X ftp distance = W x its distance 

PxAB = WxCB 

Pxi = WxA 

.PA . ^ ^h 
••. ^- f ; and P = W ^-. 

o 
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But this IB predsely the same result as we got by applying the 
principle of the " triangle of forces." Hence, the " principle of 
work'' agrees with the "triangle of forces" in respect to the 
inclined plane. 

Gases 2 and 8 may be treated by the student in exactly the 
same way, and the correct results will be the same as those found 
by the " triangle of forces." 

• Example IY. — ^An inclined plane is used for withdrawing 
barrels from a cellar by securing two ropes to the top of the 
incline at B^ then passing them down the incline, half round 

the barrel, and up to the horizontal 
platform at the top of the incline, where 
two men pull on tbe ropes in a direction 
parallel to the plane. If the weight, W, 
of the barrel is 200 lbs., the length, I, of 
the incline 20 ft., and the height 10 ft., 
1- find, by the principle of work, the least 

'Y^ 5 ^ force which must be exerted by the two 

Raising Babrbls by men, and the work expended, neglecting 
Return ROPB and In- friction, in drawing the barrel from the 

OLINBD PlANB. "^ n 

cellar. 

Let the accompanying figure represent a vertical cross section 
through the middle of the barrel and the inclined plane. Then a 
statical force, P, applied at the eg. of the barrel, would just balance 
its weight, W, and the reaction from the plane (not shown). 

By the principle of work, neglecting friction — 

The work put in = The work got orU. 
P X its distance = W x its distance. 

Txl = Wxh. 

P=:W T=200 — ^=100 lbs. 
I 20 

But by passing the rope round the barrel, as explained in the 
question, this force P is halved on the ropes (see Lecture V. on 
tne pulley and snatch-block). Therefore the least force which 
the two men must exert in order jtfst to move the barrel will be— 

P 100 ^^ „ 
-= — = 60 lbs. 
2 2 

But this force acts through a distance 2 ^=40' ft. ; therefore the 
work expended will be — 

p 

- X 2 Z= qo lbs. X 40' = 2000 ft.-lbs. 

Or, work got out = W x A =200 lbs. x 10' = 2000 ft.-lbs. 
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In this question we have a combination of the pulley and the 
inclined plane. The inner ends of the two ropes being fixed at 
the top of the inclined plane, the force with which the men act 
on the free ends is communicated throughout the ropes, so that 
the stress in the ropes on each side of the barrel balances the 
force P, that would be required to move the barrel up the incline 
if applied at its centre of gravity. 

Chr, the theoretical <»dvantage due to the pulley part of the 

.^„i., . . . i-f.i 

2 

Then for the inclined plane part we have by the " triangle of 
forces,'^ or by the '^ principle of work," a theoreHcal advantage of ^- 

W ^_2o__2 
P"'A"io"i 

Therefore, the total theoretical advantage is the product of the 
two separate advantages, viz. — 

2P W 2 2 4 

P ^ T"'?^!"! 

ConsequenUy, a force of i lb. applied at the free end of the rope 
would balance a weight of 4 lbs. on the incline. Or, as in the 
question, and, neglecting friction^ a barrel weighing 200 lbs. requires 
a pull of 50 lbs. to move it up the inclined plane. 

We have simply split up the total advantage in this way to 
show the Student that the combined advantages of the several 
parts of a compound machine must equal the advantage of the 
whole. We might have said at once, as we have done before in 
other 
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The Theoretical Advantage « -^* -— — =*» j 

HOTB. — I have this day (Sept. 9, 1892) witnessed the interesting opera- 
tion of lowering four very large 25-ton steam boilers of the marine type, 
down an inoline of about 100 feet in length by the method described in the 
foregoing question. One man^ by aid of an ordinary block and tackle, 
tapj^ed the requisite restraining force on the free end of the rope. 
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Lbotubk IX.— Qubstiohs. 

1. Proye by the triangle of forces (drawn to scale) the relation betweei 
the weight W of a body resting on a smooth inclined plane, the reaction, 
R, from the plane, and the force, P, necessary to just balance the weight — 
(i) when the force, P, acts parallel to the plane ; (2) when it acts pcuAllel 
to the base ; (3) when it acts at an angle, d, to the plane. 

2. A ball, weighing icx> lbs., rests on an inclined plane, . being held in 
position by a string which is fastened to a bracket so as to be parallel to 
the plane. Hie height of the plane being J of the length, find the tension 
of the string and the pressure perpendicular to the plane. Establish your 
results by reasoning on known principles, such as the principle of work or 
that of the parallelogram of forces. Ans. P=33'3 lbs., and R=94*3 lbs. 

3. Prove the relation between W, P and R, acting on a body resting on 
a smooth inclined plane by the **prt9ieiple of work ** for cases 1, 2 and 3 
in this Lecture^ An incline is i ft. in vertical height for 15 in length. A 
weight of 100 lbs. rests on the plane and is held up by friction ; make a 
diagram for estimating the pressure on the plane, and find its amount. 
Ans. 99*7 lbs. 

4. Friction being neglected, find the force, acting parallel to the plane, 
which will support i ton on an incline of i ft. vertical and 10 ft. along the 

ncline. Prove the formula which you employ. If the incline were i ft. 
vertical and 280 ft. along the incline, find the force in pounds which would 
support I ton. (8. and A. Exam. 1890.) Ans. 224 lbs., and 8 lbs. 

5. A smooth incline plane has a vertical side of i ft., and a length of 
10 ft. ; what work is done in pulling 10 lbs. up 8 ft. of the incline ? Ant, 
8 ft. -lbs. 

6. When a body is raised through a given height, how is the work done 
estimated 7 A body weighing 8 cwt. is drawn along 100 ft. up an inclme, 
which rises 2 ft. in height for every 5 ft. along the incline ; the resistance 
of friction being neglected, find the work done. Ans. 35,840 ft. -lbs. 

7. A smooth incline is 8 ft. long, and the total verticai rise from the 
bottom to the top thereof is 2 ft. What amount of work is performed in 
drawing a weight of 100 lbs. up 4 ft. of the incline, and what is the least 
force which will do this work i Ans, 100 ft.-lbs. ; 25 lbs. 

8. Friction is neglected, ana it is found that a force acting horizontally 
will move 10 lbs. up 5 ft. of an incline rising i in 4. Find the work done, 
and find also the force parallel to the plane which will just support the 
weight of 10 lbs. Ans. 12*5 ft. -lbs. ; 2*58 lbs. 

9. A car laden with 20 passengers is drawn up an incline, one end of 
wMch is 160 ft. above the other ; the car, when empty, weighs 3 tons, and 
the average weight of each passenger is 140 lbs. Find the number of 
ft.4bs. of work done in ascending the incline, neglecting friction. Ans. 
1,523,200 ft. -lbs., or 680 ft. -tons. 

10. It will be observed that draymen sometimes lower heavy casks into 
cellars by means of an inclined plane and a rope. One end of the rope is 
secured to the upper end of the inclined plane, and is then passed under 
and over the cask, the men holding back by means of the loose end. Now, 
supposing the incline to be at an angle of 45 degrees, explain the mechanical 
principles that are here applied, and find the advantage. Ans. 2^/2:1. 

11. A barrel weighing 5 cwt. is lowered into a cellar down a smooth slide 
ln(dined at an angle of 45 degrees with the vertical. It is lowered by meane 
of two ropes passing under the barrel, one end of each rope being fixed, 
while two men pay out the other ends of the ropes. What puU in lbs. 
must each man exert in order that the barrel may be supported at any 
point f (S. and A. Exam. 1889. ) Ans. 99 lbs. nearly. 
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LEOTUKE X 

OOKTJBHTS. — ^Friction — Heat is Developed when Faroe overcomef Friction 
— Laws of Friction — Apparatus for Demonstrating First and Second 
Laws of Friction — Experiment I. — ^Example I. — ^Angle of Repose or 
Angle of Friction — ^Experiment II. — Diagram of Angles of Repose — 
Limiting Angle of Resistance — Experiment III. — ^Apparatus for 
Demonstration of the Third Law of Friction — Experiment IV. — 
Lnbrication— Anti-Friction Wheels — ^Ball Bearings— Work done on 
Inclines, including Friction — Example II. — Questions. 

VriotioiL — Whenever a body is caused to slide over another 
body, an opposing resistance is at onoe experienced. This natural 
resistance is termed friction,^ The true cause of friction is the 
roughness of the surfaces in contact. The smoother the sliding 
surfaces are made the less will be the friction. Friction cannot, 
however, be entirely eliminated by any known means, for even 
the most microscopical protuberances on the smoothest of sur- 
faces seem to fit into corresponding hollows on other equally 
smooth places, so that some force is required to make the one 
body slide over the other. 

Friction has its advantages as weU as its disadvantages. For 
example, if it were not for friction we could not walk, neither 
could a locomotive start from a railway station, nor could it be 
brought to rest in the usual speedy manner. Friction is also 
essential to the utility of nails, screws, wedges, driving belts, &c. 
On the other hand, power is often expended in overcoming 
friction with the result of much wear and tear in machinery. 
For example, in the case of working the slide valves of locomotive 
engines as much as twenty horse-power is required in moving 
these essential parts when running at full speed, t 

It is the duty of the engineer to reduce friction to a minimum 
in the case of the bearings of engines, shafting, and machines 
generally, in order that a minimum of work may be expended in 
moving them. He has, however, also to devise means of pro- 
ducing a maximum of friction in the case of certain pulleys, grips, 
clutches, brakes, and such like appliances, where motion has to 
be transmitted by aid of friction, or bodies in motion (such as a 

* French writers call friction a passive resUtance^ because it is only 
apparent when one body tends to move or pass over another. 

f See the Author's "Elementary Manual on Steam and the Steam 
Engine," page 182, for an arithmetical example. 
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moving train) have to' be brought to rest quickly when nearing a 
station. 

Heat is Developed when Force overcomes Friction. — 
When a body is kept moving by a force, part ^or in certain 
oases it may be the whole) of the mechanical force is expended in 
overcoming frictional resistance. This lost work is directly trans- 
formed into he(U in.tbe.adj(pf overcoming the frjjctoonal.rjesistance 
through a distance. For example : — ^A person slips down a vertical 
rope by holding it between his hands and his legs. The force of 
gravity impels him downwards, overcoming the frictional resist- 
ance between his hands and limbs and the rope, with the ccmse- 
quence that they become severely heated, especially if he happens 
to slip down quickly. A boy takes a run, and then slides along a 
level piece of ice. The foot-pounds of work stored ujp in him just 
before he begins to slide are expended partly in overcoming the 
frictional resistance between the soles of his boots and the iee^ 
and partly in the frictional resistance between his clothes and the 
air. As a consequence, he will find that by the time he gets to 
the end of the slide his soles are considerably warmed. If the ice 
were perfectly level, infinitely long, and if there were absolutely 
no friction between it and his boots, and if there were no fric- 
tional resistance between him and the air, then he would slide on 
far ever I If we could diminish the frictional resistance between 
the skin of a ship and the water, and between the exposed parts 
of the ship and the air, to nothing^ then all that would be required 
to transport her across the Atlantic would be a strong force 
applied at the start until she attained the desired speed, when she 
would proceed forward, and arrive at her destination with undi- 
minished velocity ! In reality, however, we find it necessary to 
employ steam engines of 10,000 horse-power continuously in order 
to propel an Atlantic " greyhound " of 5000 tons at twenty knots 
an hour in the calmest of weather. About one-half of this power 
is absorbed in overcoming the frictional resistance of the ship 
through the water and air, and the other half in the frictional 
and. other losses due to the working of the propelling maclnnery. 
Examples of the conversion of mechanical work into heat are 
so familiar to you all, being in fact brought prominently before 
your notice every day of your existence, that we need not further 
enlarge upon this question except to remind the student of 
Dr. Joule's discovery of the rate of exchange between heat and 
work. He found by experiment that if work is transformed into 
he^t, every 772 ft. -lbs. of work will produce i heat unit, or that 
quantity of heat which would raise i lb. of water i ^ Fahr.'*' 

* For further examples and an explanation of Dr. Joule's ezperimenta 
lae the Author's Treatise on Steam and the Steam Engine. 
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Jjaws of Friction. — From 1 831 to 1834 General Morin carried 
out an extensive seines of experiments at Metz on friction for 
plane surfaces, with different areas, pressures and velocities, from 
which he arrived at certain conclusions. These conclusions wer^ 
for a long time regarded as constituting the fundamental laws of 
friction. They have been since proved to beonly true within the 
limits of his experiments, for, they do not hold good for great 
pressures and high velocities, neither are they true for fluid, 
roUingfOr axle friction. For the latest and most reliable experi- 
ments we must refer to the Proc. of the Inst, of Mechanical 
Engineers, 1883, ^885, 1888, and 1891. 

ist Law. Friction is directly proportional to the pressure between 
two stffrfaceSy if they remain in the same condition. 

2nd Law. Friction is independent of the a/reas in contact, 

3rd Law. Friction is independent of velocity. 

Apparatus for Demonstrating First and Second Laws of 
Friction. — ^Nevertheless, it will be both interesting and instruc- 
tive to students to have these three laws demonstrated by the 
following simple apparatus ; — 




Appabatus for Demonstbating the First and Second Laws 

OP Friction. 



IP represents Inclined plane. 
GP „ Guide pulley. 
Q „ ' ^ Quadrant, 



Index to Parts. 

B represents Box for planes. 
PP „ Pinching pin, 

I4L ,, Le^s. 
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The inclined plane IP is fitted with a joint at its left-hand 
end, and after slackening the pinching pin FP, it may be raised 
to any desired angle or fixed in a level position by tightening the 
pin. The desired position is found by reading off the angle oppa 
site the plumb-ball line on the graduated degree scale of the 
quadrant Q. In the box B may be kept planes of glass, brass, 
iron, steel, <fec., as well as the different kinds of wood to be experi- 
mented upon. These planes are fixed on IP, in a central position, 
by means of a catch, and the bodies to be laid upon them should 
be fitted with a small hook opposite their eg,, to which a fine 
flexible silk cord can be attached and passed over the guide- 
pulley GP, which should turn very freely on its bearings.* The 
pull P is best effected by attaching to this cord a small tin pail 
into which shot may be dropped one by one until the body moves 
freely on the plane. The pall and shot may then be unhooked 
and weighed in a balance. 

Demonstrations of the First Law of Friction. — Experi- 
ment I. — Fix the inclined plane IP in a truly horizontal posi- 
tion. Take from the box B, 
say, a long strip of planed 
yellow pine and a small bloek 
of the same kind of wood, 
and let its weight be W. 
Adjust the strip along the 
middle line of IP by means 
of the sneck or catch, and 
place the block therein. At- 
tach the silk thread to the hook on the forward side of the block, 
and pass the same over the practically frictionless pulley. Hang a 
little tin pail from the free end of the silk thread, and drop small 
shot one by one into the pail until the block moves freely over the 
yellow pine strip when aided by a little tapping on the table. 
Unhook the paO containing the shot, and weigh it as carefully as 
you weighed the block of yellow pine. Let it equal P units. 

Then P is the force which just overcomes the direcUy opposing 
passive resistance, called friction, between the surface of the yellow 




Pboop op Fibst Law of Friction. 



* 'I 



The guide-pulley bracket should be fitted with a stiff joint and with a 
telescope arm, so that the pulley may be raised or lowered in order to 
bring the direction of the pull P on the cord parallel to the plane, or 
parallel to its base, or adjusted to any desired angle with respect to the 
plane, in order to demonstrate Cases i, 2 and 3 of the inclined plane in 
Lecture IX. By having, say, a J" slot along the middle of the plane, and 
by lowering the pulley. Case 2, wherein the pull on the body is parallel to 
the base, may be readily demonstrated; and by pulling out the telescope 
arm of the bracket, and turning up the bracket, Case 3, wherein the pull 
makes an angle, 6, with the plane, may be verified. 
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p 
pine block and strip; and the ratio ^ is termed the e(h€ffieienl qf 

friction. Now put another block of weight W on the top of the one 
lust tested, so as to double the pressure on the sliding surface, and 
put in shot until the block moves when aided by a little vibration, 
so as to overcome the greater resistance to starting the body in 
motion than to keep it moving.* You find on weighing the pail 
and shot that it is now aP. Consequently the co-efficient of 

2P P 

friction has not altered, for -^=^[7 is the same fraction as xrr' 

Example I. — Suppose you take a very small block of wood 

(say ~ thick, 2" long and i" broad ; in fact, so light that its 

weight is negligible), and place a i-lb. weight on the top of it; you 
will find that 5.75 oz. are required to cause motion of this piece 
of wood over the surface of the yellow pine strip. You therefore 
conclude that the co-effident qf/ricUan is 

P c"7c oz. 

W " 16 oz. ' -^SSi OT friction = .353 W. 

Now, place a 2-lb. weight on the upper piece of wood, and you 
find that it requires more shot in the pail to move it. Weigh the 
pail and the shot again just after you have obtained free move- 
ment of the one body over the other, and you will find that it 
amonnts to 11. 5 oz. 

Consequently, ™ = — — = '353 as before. 

w 32 

If, however, you put a lo-lb. weight on the upper piece of 
wood, you will obtain a dififerent result, thus proving the first law 
and the variation therefrom; because in this latter case the 
pressure is so great, compared with the first and second experi- 
ments, that the grains of the upper piece of wood enter those of 
the lower, and bring into play another condition of afiairs — viz., 
the gripping action of the one set of grains on the other set. If 
you had taken a large plank of yellow pine, weighing, say, 100 lbs., 
and had placed it on another similar plank, the co-efficient of 
friction would have a certain value. If you had even put a loo-lb. 
weight on the upper plank, the co-efficient of friction might not 
have varied perceptibly. But if you placed a weight of 1000 lbs. 

* Statical friction, or the friction of repose, is that resistance which 
opposes the commencing of the motion. If a body be allowed to rest on 
another for some time, it requires more force to move it than if it bad only 
beea stationary for a few seconds. 
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on the upper plank, the co-efficient of friction would be con- 
siderably altered. Hence you observe that this first law only 
holds good between narrow limits.* 

Angle of Repose, or Angle of Friction. — Experiment II. — 
Another way of proving the first law of friction is to disconnect 
the silk thread and the shot-pail from the upper body, and tilt up 
the inclined plane to such an angle, a, with the horizontal that 
(with the aid of a little tapping) the weighted block of yellow 
pine just slides slowly down the incline. Here we have simply 
the force of gravity acting on the body and overcoming friction. 
At the moment the body just begins to slide we have the weight, W, 
of the body acting vertically downwards, R the reaction from the 
plane at right angles to the surface, and F, the passive resLstanoe 
of friction, acting parallel to the plane in the direction of aP 
in the first figure in thig Lecture. Now, these three forces act 
from the cff. of the body, and they are in equilibrium. B is equal 
to the resolved part of W at right angles to the plane (or K = 
W Cos a), and it represents ihe pressure between the surfaces. 
P is the resolved part of W, parallel to the plane (or F = W Sin a). 

F . 
wid ^ is the co-efficient of friction. 

, F _ W Sin g _ m _ A _ height of plane 

' * B W Cos a h base of plane 

The angle a, to which the plane must be inclined before the 
free body will slip over the fixed one, has been termed the '* a/ngle 
of repose" or " cmgle of friction" 

Therefore^ the tcmgertt of the angle of repose is eqtiai to the co- 
efficient of friction. 

p 
But ^ was proved by the previous experiment to be also equal 

to the co-efficient of friction, 

••• — =s — s» — s Tan a » a 
WB6 '^ 

Or, P -« /iW and F = ^iB 

* Sir Bobert Stawell Ball, when Professor of Mechanism at the Boyal 
College of Science, Ireland, tried a careful experiment in the above -way 
with a smooth horizontal surface of pine 72^ x 1 1'', and a slide, also of pine» 
Sf^Sf* gi'siii crosswise. He loaded and started the slide, and applied a 
force sufficient to maintain it in uniform motion, and he found that on 
increasing the load from 14 to 112 lbs., by increments of 14 lbs., the co- 
efficient of friction diminished from *336 to '262. From these experiments 
he constructed the empirical formula for this case that F=*9+*266R, 
wher^J^is the fi^g^onal resistance and B the reaction from the surface or 

'*Sfeikos an angle, 0^ 
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wMre /bids' ^be'6r^ fefctctt* universally adopted to represent 00- 
e£icients of friction. 

The accompanying figure is a diagram of the " cmgUs of repose ^^ 
ioc varii)us common materials, together with the numerical 
values of /i, or their co-efficients of friction. 




10 20 30 40 80 60 70 80 00 100 

Diagram of Angles of Repose. 



Iiiimting Angle of Besistance^ or Sliding Angle. — A 
third way of proving the first law of friction is to place the bodies 
so that the sliding surface is perfectly level. Then begin by 
pressing the upper body through the intervention of a compres- 
sion spring-balance fitted with a sharp point, so that it will not 
slip off, and with a clinometer to indicate the angle through which 
it is tnted away from the perpendicular. Now gradually incline 
your pressure to the perpendicular, until you arrive at such an 
angle as will just cause the upper body to slide over the under 
one. This angle is termed the ^^ sliding angle" or " limiting angle 
of resista/rice,** because it is the limit, or maximum angle which 
the reaction from the surface can make with the perpendicular to 
the surfaces, for the reaction must act in the directly opposite 
direction to the pressing force.* Again, apply the spring-balance, 
but with double the registered pressure, and you can just incline 
this force to the same angle as before. If, however, you press 
with ten times the former force, you would probably be able to 
act at a greater angle than before. It will be seen from this 
experiment that 

The l4imiting Angle of Eesistance = The Angle of Repose. 

* Here the weight of the upper body is supposed to be negligible iji 
comparisoD with the inclined pressure upon it, 
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Demonstration of the Second Law of Vriotion. — Ex- 
periment III. — Take a block of planed yellow pine, and cut it into 
two equal pieces at right angles to the planed surface. Place one 
piece on the horizontal strip of yellow pine (used in previously 
demonstrating the first law), with the planed side next to it, 

and put the other piece on 
the top of it, as shown by 
the second figure in tlus 
lecture. Now ascertain the 
horizontal pull, P, required 
to overcome friction. Then 
attach the top piece to the 
bottom one, as shown by the 
accompanying figure, so that 
the area of the surface in contact is doubled, and you will find 
that the same horizontal force, P, will cause it to. move. If 
you take a long planed block and cut it into ten equal pieces, 
each of the same size as one of the above pieces, and try the 
experiment in a similar manner, you will be able to increase 

the area of contact tenfold, and you will then find that the 

p 
ratio ^ is not exactly the same with the surface of one block 

in contact with the strip, as when the surface of the whole ten 
came into action at once. The result of increasing the area in 
contact may also be tried by placing the blocks on the inclined 
plane, and observing the angle to which the plane is tilted when 
they begin to slide down the plane. 




Apparatus for Demonstrating the First and 
Third Laws op FBicrioN. 



Index to Parts. 



L represents Lever. 
F „ Fulcrum. 



SR 

SP 

TP 

C 



Small roller. 
Scale-pan. 
Test-piece. 
Cylinder. 



H represents Handle. 
R ,, Rack. 



S 

P 

GS 

B 



Spiral spring. 
Pointer. 

Graduated scale. 
Base of apparatus. 
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Demonstration of the Third Law of Friction. — ^The pre- 
ceding figure represents the apparatus belonging to the AppUed 
Mechanics Department of the Bojal College of Science, South 
Kensington (as described by Prof. Goodeve in his '* Manual of 
Applied Mechanics "), for demonstrating the first and third laws 
of friction. 

If the weights^ W, be removed from the scale-pan SP, then 
there will be but a slight pressure between the lower surface of 
the test-piece TP, and the roller cylinder C. Consequently, on 
turning the handle H in the direction of the arrow, there will be 
a slight pull on the cord, causing the pointer P to move a degree 
or two over the graduated scale OS. The pointer should there- 
fore be set back to zero. 

ExPEBDCENT lY. — ^Put a Weight, W, of say 5 lbs., into the 
scale-pan, and turn the cylinder slowly by the handle as before. 
The pointer deflects so many degrees. Increase the weight W 
to 10 lbs., and the pointer instantly indicates twice the amount 
of friction ; put in 15 lbs., and it shows treble the friction ; thus 
demonstrating the first law. Then turn the handle faster and 
faster, and the pointer remains fairly stationary, thus proving 
within certain limits that friction is independent of the velocity.* 

Lubrication. — Lubricants, such as tallow, grease, soft soap, 
and many kinds of oils, are used to reduce friction. Both skill 
and knowledge are required to decide upon the best kind of lubri- 
cant and the proper amount for different cases. Lubrication and 
lubricants should receive greater attention from the engineer, for 
the satisfactory working and length of life of most machines de- 
pend so largely upon effective lubrication. Where very heavy 
pressures and high speeds are experienced as in some cases of 
electrical machinery, it pays to use the very best kind of oil, and 
to distribute it to all the bearings from one common centre under 
pressure by means of a force-pump. It thereby flows in a con- 
tinuous stream through the bearings to a filtering tank, from 
which it is again and again pumped on its soothing mission for 
months on end, without change or great loss in quantity. This is 
a very different state of matters from the *' travelling oil-can " 
sj stem, where the amount applied may vary, and the times of appli- 
cation may be erratic, according to the opinion of the attendant. 

Anti-Friction Wheels. — In the case of delicate machinery, 
such as in Atwood's machine for ascertaining by experiment the 
acceleration of gravity, and in Lord Kelvin's mouse-mill for 
driving the paper rollers of his Syphon Recorder, when receiving 

* See Molesworth's Pocketbookof Engineering Formuln, and the Trans- 
actions of the Institntion of Mechanical Engineers, for results of friotioD 
Experiments with shafts run at different spe^s. 
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Anti-Friction 
Wheels. 



telegraphic signals from long submarine cables, anti-friction 
wheels are used for the purpose of reducing the friction to a 
minimum. The accompanying figures illustrate one pair of 
anti- friction wheels. The spindle S, which carries the driving- 
wheel, instead of resting on two ordinary 
bearings, is supported by two wheels at 
each end, so that a rolling contact is pro- 
duced between it and the wheels. This 
form of contact implies far less friction to 
begin with, than a sliding or scraping con- 
tact. Besides, the small amount of force 
required to overcome the friction between 
the spindle and the rims of these wheels, 
has a great advantage or leverage given 
to it, in as far as, it acfcs with an arm 
equal to the radius of the wheels FW^ and 
FW,. This enables it to turn them with 
great ease at a slow rate in the very small 
bearings B^ and B,. 
In merely overcoming friction at a bearing, there is a con- 
siderable advantage in using large pulleys ; for, the force necessary 
at the periphery of the pulley to overcome the friction at the bear- 
ing, is inversely proportional to the radius or diameter of the 
piilley. (See Lecture XI. fig. i). 

Ball Bearings. — Another example of the effect of rolling 
contact reducing friction is found in the use of ball bearings, 
which are now so common in all kinds of cycles and in high-class 
foot-driven lathes.* 

When it is necessary to move heavy beams, guns, &c., a common 
practice is to place them on rollers or on two channel iron 
girders g with round cannon-shot between them, when a com- 
paratively small force, properly applied, will have the desired 
effect. 

We will have to return to this subject in the Advanced Course 
when dealing with the friction between shafts and their bearings, 
and the various means that have been adopted for minimising 
the same. In the meantime, we will complete this Lecture with 
an example of work done on an incline when friction is included. 
Work done on Inclines, including Friction. — The method 
of calculating the work expended in moving a body along a emoolh 
inclined plane was fully dealt with in Lecture IX. ; consequently, 
the student is prepared, after what has been said about friction in 



* Refer to Lecture XVL, p. 183. 



WORK DONE ON INCLINES INCLUDING FRICTION. Ill 

Ma Leetore, to consider the case of pulling a body up or down 
a plane when the oo-efficient of friction between the body and the 
plane is known. 

The total work expended is evidently divisible into two distinct 
portions — 

(i) The work done vrith or against the action of gravity , accord- 
ing as the body is moved down or up the inclined plane = W x A 
(where h is the height of the plane). 

(2) The work done a^gainst friction = F x Z (where I is the length 
of plane passed over). 

The work to be done against friction is the same whether the 
body is urged up or down the incline; for it is equal to the 
oo-efficient of friction x the reaction of the plane x the distance 
through which it is moved. 
Or, Fxl^fixUxl 

But by Lecture IX. 'Rxl = Wxb; .% ¥xl = fixWxb 
Or, the work done against friction in moving a body along the 
inclined distance I, is equal to the work done in moving the same 
body along a horizontal distance b, equal to the base of the incline. 

If the work to be done in overcoming friction, is eqtud to the 
work capable of being done on the body by gramty, the body will 
be in equilibrium, and the inclination of the plane is equal to the 
angle of repose. 

If the work to be done in overcoming friction is less tha/n the 
work which gravity can do on the body, the body will sUde down 
the incline, or, in technical language, the machine will overhauL 

Example II. — ^What is the co-efficient of friction, and how is it 
ascertained? There is an inclined plane of i foot vertical to 
lo feet horizontal ; what work is done in moving ^ 700 lbs. 5 feet 
along the plane, the co-efficient of friction being 'dS ? (S. and A. 
Exam. 1892.) 




w 

FiGUBE FOB EXAMPLB II. 

Answer. — ^The co-efficient of friction far two bodies in contact 
is tAe passive resistance (opposing 1M motion of the one over the 
ether) divided by the reaction or normal vressure bettoeen the siirfaces 
incontact — 

♦.e., Oo-efficient of friction = -^ — —, — "^ =5 = /* 

For methods of asoertaininfi: co-effioients of friction, see the text in this 
Lecture. 
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ToUd wfrk done = work done againet gravity + vycrk done against JrietioiK 

Referring to the accompanying figure, we see that — 
Work done against gravity = W x DE 
Work done against friction » F x AD 

.% Total work done - WxDE + FxAD 



a 



We have therefore only to substitute the numerical values corre- 
sponding to these letters in order to arrive at the result. From the ques- 
tion W » 700 lbs. From the figure we see that DE is parallel to BC ; con- 
sequently by Euclid the A*, ADE, and ABC are similar in every respect ; 
and therefore 

DE : BC : : AD : AB; or, DE = ?5i^^ 

A15 



But, also by Euclid, AB = v/A02 + B0* = v/i6"+ i^sicos ft. (nearly) 

r^ XI rk-ni BC X AD 1X5 ^ -, 

Consequently, DE = — -^ — — ^ ='497 ft 

And, V = fiR 

From the question we are told that fi = *oS, and we learn from Lecture IX • 
that 

B : W : : AC : AB ; or. R= WxAC=Z22iii2=696-S Iba, 

AB 10*05 

/. F=|iR=-o8x696-5 = 55*72lbs. 

Hence Total Work = WxDE + FxAD ^ 

» ff V = 700 X -497' + 55-72x5' 

„ „ „ — 347*9 ft.-lbs. + 278-6 ft.-lba. 

„ ,, „ » 626-6 ft. -lbs. 

NoTK.— For the work done cufainetfrietion qalte a simple way would have betn to have 
taken the formula dednced on the previoag page — 

via.: Fx2sfAxWx&=fAXWxA£B-o8X7ooX4*97==278'6ft.-lba. 

For. 45«?5 .-. AE«:^CxDB^ioX:427«^.97. 
* AC BO BC 1 ^^' 

Appboximate Answer.— Since the inclination of the plane is so 
very small in this case, we might have assumed that 

R = W; AB = AC,andDE = JBO 

Then, 

(i) Work done against gravity = W x DB = 700 x J' = 860 ft.-lbs. 
(2) Work done against friction = F x AD=*o8 x 700 x 5=280 ft.-lbB. 

•\ Total work-WxDB + FxAD=35o+2So=630ft.-lb8. 
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Lbctubb X.— Questional 

1. What is friction, and how does it act ? What is developed ^ hen force 
oyeroomes friction 7 How do you measure the result 7 

2. Explain by sketches and concise description how the laws of friction 
may be tested experimentally. What is meant by the " co-efficient of fric- 
tion," ''angle of repose," "angle of friction," and ** sliding angle " or 
" limiting angle of resistance'* ? 

3. How is the co-efficient of friction between two surfaces ascertained 
approximately by experiment? When two rough surfaces are pressed 
together, how much may the line of pressure be inclined to the common 
perpendicular to the surfaces in contact before motion ensues 7 (S. and A. 
Exam. 1889.) 

4. What is the co-efficient of friction when the angle of repose is — 
(a) 4'* 42' ; (6) II' 18' ; (c) 16° 42' ; W ai'' 48' ; W 26' 36' : (/) 30* ; ig) 45'* » 
Draw the angles to scale. Ans, (a) -i ; (0) '2; (c)'3; (d) -4; («)*S; 

(/)-5774: (^)i. 

5. An inclined plane is 100 feet long and 20 feet high. A body weighing 
100 lbs. is pulled up from the bottom to the top, and then down again. If 
the co-efficient of friction between the body and the plane is *5, what 
work was expended in each case 7 What would require to be the co- 
efficient of friction in order that the body might just slide down of its 

own accord? Ans. 6,900 ft.-lbs. ; 2,900 ft.-lbs. ; )us .^=: —='204. 

12 

6. What is the co-efficient of friction, and how is it ascertained 7 There 
is an inclined plane of i foot vertical to 5 feet horizontal ; what work is 
done in moving 100 lbs. through 100 feet along the plane, the co-efficient 
of friction being • 1 7 Ans. 2,941 7 ft. -lbs. 

7. An incline is 80 feet long, with a rise of 20 feet. A body weighing 
100 lbs. is drawn 40 feet along the incline ; what work is expended if the 
co-efficient of friction is •6 7 Ans, 3,3208 ft.-lbs. 

8. A weight of 5 cwts. resting on a horizontal plane requires a horizontal 
force of 100 lbs. to move it against friction. What is the co-efficient of 
friction 7 Ans. •18. 

9. A plank of oak lies on a floor with a rope attached to it. When the 
rope is pulled horizontally with a force of 70 lbs. it just moves, but when 
pulled at an angle of 30** to the floor a force of 60 lbs. moves it. What is 
the weight of the plank and the co-efficient of friction between it and the 
floor 7 Ans, 11 6- 6 lbs. ; '6. 

10. Suppose a locomotive weighs 30 tons, and that the share of this 
weight borne by the driving wheel is 10 tons. Then, if the co-efficient of 
friction between the wheels and the rails be '2, what load will the engine 
draw on the level if the required co-efficient of traction be 10 lbs. per ton 
of train load 7 What load will this engine draw at the same rate up an 
incline of i in 20 7 Ans. 44S tons (including engine); 36*72 tons (in- 
cluding engine). 

11. State the laws of friction, and explain the contrivance known as 
frietion wheels. What is the ad\*antage of ball bearings for bicycles? 
Sketch in section such a bearing. (S. and A. Exam. 1891.) 

12. What are lubricants, and for what purposes are they used in machin- 
ery 7 What kird of lubricant would you use for the moving parts of a 
very high-speed engine and direct-driven dynamo, and how would you 
apply it so as to be able to use it over and over again 7 
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13. What is friction 7 What is meant by limiting friction, by sliding^ 
friction, and by the co-efficient of friction 7 A weight of 5 cwts. resting 
on a horizontal plane, requires a horizontal force of 108 lbs. to move it 
against friction. What in that case is the yalne of the co-efficient of 
friction 7 (S. and A. Bxam. 1896.) Ans, 192. 

14. How would you experimentally determine the nature of the friction 
between clean, smooth surfaces, say of oak, and what sort of law would 
you expect to find 7 (S. and A. Exam. 1897.) 

15. Describe any experiment which you have made or seen for finding 
the laws of solid friction. What are the laws so found 7 Are they quite 
true 7 How do they differ from the laws of fluid friction 7 (8. E. B. 1899 
and 1900.) ' 

16. Sketch and describe an apparatus for determining the co-efficient 
of sliding friction between two planed surfaces of oak. 

If you have made this or a similar experiment describe the behaviour 
of the sliding piece, and any troubles you may have had. State how you 
would conduct the experiment so as to establish the principal facts 
concerniog such friction. (S. E. B. 1902.) 
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LECTURE XI. 

Contents. — Difference of Tension in the Leading and Following Parts of 
a Driving Belt — Brake Horse-Power transmitted by Belts — Examples 
I. II. — ^Velocity liatios in Belt Gearing — Examples III. IV. — Open and 
Grossed Belts — Fast and Loose Pulleys —Belt Gearing Reversing 
Motions — Stepped Speed Cones with Starting and Stopping Gear — 
Driving and Following Pulleys in Different Planes — Shape of Pulley 
Face — Questions. 

We shall devote this Lecture to the transmission of power by 
belting and to belt-gearing. 

Difference of Tension in the Leading and Following 
Parts of a Driving- Belt. — In Lecture VI., when discussing the 
case of the simple pulley, we assumed that the belt or rope passing 
over the pulley was perfectly flexible, and that there was no fric- 
tion at the axle of the pulley. Conse- 
quently, we found that equal weights 
would balance each other, or that the 
tension of the two sides of the belt 
were equal. A little consideration of 
the subject will show that when one 
pulley is driven from another one by 
an endless belt or rope, the tension ou 
the driving side must be greater than 
that on the following side. 

I. Take the case of an ordinary 
vertical pulley with its axle or shaft 

i resting in two bearings (one on each 

T side of the pulley), with a belt or rope 

r*U passed over it, and with weights at- 

lllvm tached to the free ends of the same. 
Here we must have a certain amount 
of friction between the axle and its 
bearings, which can only be overcome 
by a force applied to the circumference 
of the pulley. 

Lot F = 1^*^''^® required to overcome friction at the circnnj- 

ij»T, , ■■' 1 "~ I f erenoe of the axle or shaft. 




W. 



w„ 



DiFFBBENCE OF TBITSION 
DUB TO FBICTION. 



DIFFERENCE OF TENSION. 



117 



Let 



>» 



» 



Then, 
Let 



W,= 



19 



. rj= Kadius of the axle. 

-p _ f Force required to overcome the friction of the axle 
« " \ when acting at the circnmference of the pulley. 

. r^ = Radius of the pulley to centre of belt. 
Fj X r^ = F, X r,. 

Weight attached to the left-hand side of the belt, 
and which therefore produces a tension on the 
slack 8ide=T«. 

[Least weight on the right-hand side of the belt 
W.H ' that will produce motion, and which therefore 
( produces a tension on the driving side=T4. 

Then taking moments about the centre of the axle,- we have — 

W^ X r, -I- F, X r, = W, x r, 

Or, . . T,xr, + F,xrj = Td xr. 

Dividing both sides of the equation by r, we get 

Or, expressed in words, the force F„ acting at the circumference 
of the pulley (which is required to overcome the friction of the 
axle) is equal to the tension T^ on the driving or forward side of 
the pulley, minus the tension T, on the slack or following side. 

In order that the periphery of the pulley may move at the same 
rate as the under face of the belt, we must have sufficient tension 
on each part of the latt-er, and the co-efficient of friction between 
them must not have less than a certain value. Too gi'eat adhe- 
sion between them would result in a loss of work, for in that case 
an extra force would have to be applied solely for the purpose of 
pulling the belt from the pulley. 

2. Take the case of one vertical pulley of diameter D, driving 
another vertical pulley of diameter d by means of an endless belt, 
rope, or chain in the direction of 
the arrows shown on the accom- 
panying figure. Whenever the 
pulley D is moved, the tension on 
the driving side T^ tends to 
stretch the belt on that side, and 
this tension increases until the 
pulley d begins to move ; whereas 
the tension on the following or 
slack side, T^ is gradually diminished until the difference of the 
tensions (T^ - T,) produces a uniform velocity of the belt. Of 
course the tension on the slack side must be sufficient to pre- 
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vent the dipping of the belt on either of the pulleys if the 
periphery of the driven p'llley is to keep pac5e with the peri- 
phery of the driving one. In order that there may be a mini- 
mum chance of the belt slipping, its dock side should always 
run from the top side of the driving pvUey, By so arranging the 
drive, the sag of the belt on the slack side will cause it to encom- 
pass a greater length of the circumferences of both pulleys. The 
motion of the belt will be easier, and the wear and tear of the 
bearings will be less, because there will be less total stress 
(Td + T,) t-endingto draw the pulleys together for the transmis- 
sion of a certain horse-power, than if the slack side left the under 
side of the driving-pulley. Referring to the previous figure, if the 
slack side leaves the top side of the pulley D, it grips the same 
from position 4, round the back of the pulley to 5, and the pulley 
d from 6 round to 3 ; whereas, if D were rotated in the opposite 
direction, we should have the slack side entering on it at i, and 
only gripping it as far as position 8 ; entering on (2 at 7, and only 
gripping it to position 2, thus having far lees grip on the pulleys 
and thereby encouraging the natural tendency of the belt to slip 
on the pulleys.* 
Brake Horse-power transmitted by Belts. 

Let . • V = Velocity of belt in feet per minute. 
„ • • P SB (T^ — T«) the net pull causing motion in lbs. 

Then, B.H.P. = J^ « ^^^^ " ^*^ 

33,000 33,000. 

Let • .Da Diameter of driving pulley in feet  3f*. 

Then . irD « Circumference of driving pulley in feet = awn 

Let • n = Number of revolutions of pulley per minute. 

Then . V = irDn = 2«m = velocity of belt (with no slip). 

And, the . . B.H.P.»^^^^-g!^?:?^ 

33,000 33,000 

Example I. — ^A pulley 6' in diameter is driven at 100 revolu- 
tions per minute and transmits motion to another pulley by means 
of a belt without slip. If the tension on the driving side of the 
belt is 120 lbs. and on the slack side 20 lbs., what is tiie brake 
horse-power being transmitted ? 

* The preyions figure should have been drawn with the full and dotted 
lines at T«, reversed, but the student will easily follow the explanation. 
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Answer. — Here r = 3'; w = loo; P = (T^ - T,) = (i 20 - 20) = loolbs. 

.-. B.H.P. = ?^^!:^ = 2 X Vii32^i^£iil??.= 6-71 
33,000 33»ooo 

Example II. — What must be the number of revolutions per 
minute of a driving pulley 6' in diameter, in order that it may 
transmit 5*71 B.H.P. by a belt to another pulley, if the net puU 
on the belt is 100 lbs. ? 

Answer. — Here we have the same data to go upon as in 
Example I., except that we are given the B.H.P. instead of the 
revolutions per minute. Then, transposing every quantity 
except n (the revolutions per minute) to one side of the above 
equation, we have 

^ ^ (B.H.P.) X 33,000 ^ 5-71x33,000 ^ jQQ revolutions. 
27rrP 2 X Y X 3 X 100 

In precisely the same way, if you were given the power to be trans* 
mitted, the revolntions per minute, the difference of tension on the two 
sides of the belt, and you were asked for the diameter of the pulley, the 
formula would appear thus — 

p, (B.H.P.)x 33,000 
irfiP 
If it was the difference of tension in the belt that was asked for, then" 

/T^ rrx-p_ (B.H.P.)x 33,000 

You would (after arranging the formula in this way, so as to keep the 
unknown quantity on one side of the equation) simply have to substitute 
the numerical vsdues corresponding to the different symbols, and then 
cancel out the figures in numerator and denominator, in order to reduce 
the long multiplication and division to a minimum, and thereby arrive at 
the result as quickly as possible. 

Velocity Batios in Belt Gearing. — Let two or more pulleys 
be connected by belting in the manner shown by the accompany- 
ing figure. Then, if there is no slipping of the belts« the cdrcum- 
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f erential speeds of the pulleys will be the same as the velocity of 
the belts passing round them. 
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Let Dj, D, « Diameters of the drivers. 

,, Fj, F, ■= Diameters of the followers. 

„ Nj, , Nj, s= Number of revolutions per minute of the drivers 

„ N, , N, = Number of revolutions per minute of followers. 

Then, taking the first pair of pulleys, Dj and F, we have — 
CircumfereTUial speed of driven = Circumferential speed qf/olloweri. 

i.e. .... »D,N„^ = 7rF,N,^ 

(Divide both sides by «-) 

DN s=FN • N r- -^i^Ji 

Or, The product of the diameter of ' 
the driver and its number oj 
revohUions per minute. 



f The product of t/ie dia- 
meter of the follower 
and its number ofre- 

\ vclviions per minute. 



vP| , . , . . WW ' • • w 

i.e., ITie ratio of the diameters of the pulleys is in the inverse 
ratio of their speeds or revolutions per minvle. 

Treating the motion of the second set of pulleys in exactly the 
same way, we have — 
Circumferential speed, of D, = circumferential speed, of F, 

.•.irD,N^, = 7rF,N^ 

(Divide both sides by t) 

Or,. . . . ^=^ . . . . (2) 
(But the revolntions of F, and of D, are the same) •*• N,j = N,, 

Or. . . , D, N^^ - F,Np, ... Np, - ^^^ 

ConsequenUj . . ^. =-^^ 

J. 
jpividingboth numerator) Np ^ D,_ ^ F^ x F, 

1 and denominator by N,j)j j^^^i d^ D x D, 

» F, 
Or, we might have arrived at the same result by multiplying equationa 
(1) and (2) together. Thus— 
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Oi\ Speed of fio'st drwer Prodwst ofdiametera offoUowerB 

Speed of last follower Product of diameters of drivers 

Or, . Npj X D, X D, - Np^ x Fj x F, 

i,e,j Speed of Jirst driver xdich) i Speed of last fcUower x ditMne- 
meters of the drivers f *" t ters of the JoUotoers, 

In the same way we may treat any number of drivers and 
followers by this general formula — ^viz., 



Speed of the last follower x the 
successive diameters oj the 
followers. 



Speed or rvu/mher of revolutions'^ 
per mimde of the fret driver I 
X the successive diameters of\ * 
the drivers ) 

Precisely the same rule holds good for discs driven by contact 
friction and for wheel gearing, as you will find from the next 
lecture ; but in friction gearing and wheel gearing the driver and 
the follower move in different directions, whereas in belt gearing 
they move in the same or in the opposite direction, according as 
the driving belts are " open " or " crossed/' 

ExATiPLE III. — Eeferring to the previous figure, suppose that a 
anying pulley, Dj, is connected by a belt to a follower, F„ 
whilst it moves at loo revolutions per minute. If the diameter 
of the driver is 6' and of the follower 3', what will be the number 
of revolutions per minute of the follower ? 

By the previous formula for two pulleys, 

Dj X Np^ - F, X Np^ 

••• Np «i ' ^ — "i — ;  200 revolutions 

*i 3 

ExAMPLB lY. — Referring to the previous figure, suppose that 
a driving pulley Dj (4' diameter^, is geared to a follower, F 
(2' in diameter), and that a second driver D, (4' diameter), hxea 
to the same shaft as F^ is geared to a second follower F, (i' dia- 
meter). If D. makes 60 revolutions per minute, what is the speed 
ofF,? 

By the previous formula for four pulleys, 

Ndj X D, X D, = Np^ X F, X F, 

••^'« F, X F, 

Np, = o X 4x4 _ ^^ revolutions. 
* 2x1' 

Open and Crossed Belts. — By referring to the next figure, 
the student will observe that the left-hand end view shows what 
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is termed an open belt, OB, and that the right hand end View 
shows a crossed belt, CB. In the case of open belts, the driver 
and the follower rotate in the same direction (as may be seen from 
the second and third figures in this Lecture); whereas, with 
crossed belt driving, the follower revolves in the opposite direction 
to that of the driver, just as it does when direct friction or wheel- 
gearing is used. 

Fast and Iioose Pulleys. — As will be seen from the two front 
views in the next set of illustrations, the open and the crossed 
belts are shown passing from the broad driving-puUeys DP, to 
the broad loose pulleys LP. Loose pulleys are generally bushed 
with gun-metal, and then bored out so as to fit their shafts easily. 
This permits them to rotate without turning the shaft upon which 
they bear. The pulleys, FP, are keyed hard on to the shafts, so 
that when the belt is forced over upon them by means of the 
shifting forks, SF, the machines connected with the same are set 
agoing. This simple combination of fast and loose pulleys there- 
fore enables a machine to be stopped or started at pleasure, without 
interfering with the motion of the driving pulley and the belt. 
In ordinary cases where there is only one driving belt required, 
the loose pulley is of the same breadth as the fixed pulley.* 

Belt-Gearing Beveising Motions. — In many kinds of 
machine tools it is desirable to be able to drive tiie tool first in 
one direction and then in the opposite direction, as well as to 
start or stop it. This is frequently effected by a combination of 
open and crossed belts with fast and loose pulleys, as illustrated 
by the accompanying figure. 

From what has just been said about open and crossed belts, as 
well as fast and loose pulleys, the student will have no difficulty 
in understanding this arrangement of reversing gear. If applied 
to a machine for planing metals, the shaft which is keyed to the 
fixed pulley FP would be connected either through wheel gearing 
and a rack, or through a central screw, to the travelling table of 
machine upon which the job to be acted upon is secured. When- 
ever the table had been moved backwards to the end of the 
required stroke by the crossed belt, the shifting fork SF would 
be pushed forward by an outstanding arm or kicker attached to 

* See the set of figures after the next, where B, is the driving belt, 
engaging the fixed pulley, FP ; and where LP is the loose pulley, to wh^ch 
the belt may be shifted by means of the shifting-fork, SF, whenever it is 
desirable to stop the speed cones, SC„ SC^ and the machine to which they 
are connected. In the first front view of the next set of figures both of the 
loose pulleys, LP, are drawn too narrow. They should have been repre- 
sented half as wide again, in order to prevent the belts slipping over the 
outside edge, when the other belt is shifted on to the fixed pulley situated 
between them. 
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the side of the table at such a position as would cause the crossed 
belt OB to be shifted from the central fixed pulley to its loose one, 
and at the same time bring over the open belt from its loose pulley 
to the central fixed one. Whenever the planing tool had finished 
its cut on the metal, the shifting fork would be pulled backward 
by another similar outstanding arm or kicker (also attached to 
the travelling table of the planing machine, at a position just 
beyond the end of the required stroke for the particular job under 
operation), thereby shifting the open belt OB from FP, to its loose 
pulley, LP, and at the same time pulling over the crossed belt, OB, 




End View. J-^ ^^^^ End View. 

Front View. Front View.. 

Forward and Retnm at same Speed. Quick Return. 

Belt Gbabing REVEBSiNa Motions. 



DP represents Driving pulleys. 
FP „ Fixed pulleys. 
LP „ Loose pulleys. 
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Index to Parts. 

OB represents Open belts. 
CB „ Crossed belts. 

SF .. Shif tlDg forks. 
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from its loose pulley to the central fixed pulley, thus causing the 
table to make the return stroke. 

The left-hand front view, with its accompanying end views, show 
the necessary arrangements when the forward and backward 
velocities of the table are equal. The right-hand front view illus- 
trates the case wherein the backward or non-planing motion is 
intentionally made quicker than the forward or cutting stroke, so 
as to save time, by having the back motion fixed pulley, FP, and its 
corresponding loose one, LP, made smaller than the forward set. 
The end views for this latter case would be similar to the former 
one, with the exception that the crossed belt would engage a smaller 
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pulley of the same siz^ as shown by the front view. This latter 
arrangement can evidently be employed to obtain a fast or a slow 
motion in the same direction^ by simply having both belts open or 
both crossed. 

Stepped Speed Cones with Starting and Stopping Gear. 
— In many machines, such as lathes, planers and other machine 
tools, it is very desirable not only to be able to start and stop 
them, but also to alter their speed so as to suit dkierent classes of 





End View. Side View. 

Stepped Speed Cones with Stabting and Stopping Geae. 
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Speed cones. 
Fast pulley. 
Loose pulley. 
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Handle. 
Sliding bar. 
Shifting fork. 
Weight to fix SB in 
positions ^ ^. 



work, without affecting the motion of the prime motor or that of 
the shop driving-shaft. These objects are generally attained by a 
combination of fast and loose pulleys with what are termed 
*' stepped speed cones." The accompanying side and end views 
illustrate the arrangement as usually carried out in engineering 
works. When the starting-handle, H, is turned to the right 
hand, it pulls over the sliding-bar, SB, with its shifting-fork, SF, 
which moves the belt, B^ from the loose pulley, LP, to the iixed 
one, FP ; thus setting the speed cones, SG^ SC„ and thereby the 
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machine in motion. When the handle is turned to the left, it 
pushes the sliding-bar and shifting-fork also in that direction^ 
thus moving the helt from the fixed to the loose pulley, which 
allow the cones and machine to come to rest. In each case the 
weight, W, causes a notch in the sliding-bar to engage with its 
(eft-hand supporting bracket, thereby preventing the shifting fork 
from pushing the driving belt too far, or off either pulley, and at 
the same time ensuring that it remains in the desired position. 
Both supporting brackets for the sliding-bar, SB, are merely 
right-angle extensions from the hanging brackets, HBp HB^ 
which carry the upper shaft with its cone and pulleys. 

The upper and lower speed cones, SCp SC^ are generally made 
of the same size and shape, but they are always keyed to their 
respective shafts in opposite directions. Consequently, if it 
should be desirable to run the machine fast for light work, the 
belt, B„ is shifted on to the largest pulley of the upper cone and 
the smallest one of the lower cone. If the machine is required 
to move slowly for heavy cuts, then the belt is placed on the 
smallest upper pulley and the largest lower one. Any desired 
intermediate speed between these exti^mes is obtained by adjusting 
the belt on one or other of the remaining sets of pulleys of the 
upper and lower cones. 

The student can easily prove to himself (by drawing down the 
arrangement to scale) that such stepped speed cones, if connected 
by a crossed belt on one pair of its pulleys, will produce the same 
tension in the belt with any other pair.* With open belt-driving 
the tightness of the belt will not be the same when on one pair of 
the pulleys as when on another ; but the difference is so small 
that it can generally be disregarded in practice without having 
recourse to tightening or slackening the same. 

Driving and Following Pulleys in Different Planes. — It 
is often necessary to drive a follower placed in a different plane 
from the driver. The accompanying set of illustrations show 
very clearly how this is effected. The important precaution to be 
observed is, that the leading or on-going part of the belt must 
enter upon the follower in a Jair or direct line with its plane oj 
rotation. If this rule be attended to, then power may be trans- 
mitted between two non- parallel shafts, as shown by the first 
figurn, even if their centre lines are in planes at right angles to 
each other — t.c., when the belt is working with quarter-twist. 
When two shafts are in planes at right angles to each other, and 

* The algebraical proof of this will be considered in oar *' Advanced 
Book on Applied Mechanics.'* The student should refer to tlie general 
view and to the detail drawings of the stepped speed cones in the foot- 
driven screw-entting lathe illnstrated in Lecture XVI. 
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TuUis's Thick-sided Leather 
Chain Belt, Working Quarter- 
twist, and Transmitting Power 
between two shafts which are 
not parallel. No Gaide Pul- 
leys are required for this drive. 




Flat Belt Working Qaarter-twist and 
Transmitting Power between two right- 
anpfled shafts, with leading Guide Pulley 
(GP) to remove the twist from the Belt 
before it enters upon the Follower, and to 
give the belt more grip on the pulleys. 






Flat Belt Transmitting Power 
over Guide Pulleys between two 
non-parallel shafts in the same 
plane. 



Flat Belt Transmitting Power between 
two parallel shafts not in the same plane 
fay aid of guide pulleys (GP). 
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it is found desirable to remove the twist from the belt before it 
enters upon the follower, then a guide-pulley, GP, must be used 
SB shown by the second figure. When the shafts are parallel, but 
not in the same plane, then the power must be transmitted by aid 
of two guide-pulleys, as seen from an inspection of the third 
figure. Or, should the shafts not be parallel, but in the same 
plane, two guide-pulleys are necessary, as in the fourth figure. 
Guide-pulleys, if supported by spindles running in adjustable 
bearings or brackets, may be made serviceable as tightening- 
pulleys for the purpose of taking up the slack of the belt, and 
thus giving the necessary grip for transmitting more power with 
a steadier drive than can be obtained without them. 

Shape of Pulley Face. — The student will have observed that 
the faces or rims of the fast and loose pulleys, as well as those of 
the stepped cones in the previous set of figures, are slightly 
curved. This convex curvature, or double coning, is purposely 
done in order to ensure that the . belt may ride easily and fairly 
in the centre line of the pulley face without inclining to either 
side. A flat band, if placed on the smaller end of a revolving 
straight conical pulley, will naturally tend to rise to the larger 
end of the cone. Consequently, if each half of the face of a 
pulley is coned (or, which amounts to the same thing, if the rim 
of the pulley be curved so as to have its largest diameter in the 
middle of its face), each half of the breadth of the belt will have 
an equal tendency towards the middle of the pulley's rim. When 
very fast driving and sudden severe stresses are brought to bear 
upon a machine, as in the case of circular saws, morticing 
machines, and emery-wheel grinders, it is found necessary to fit 
the pulleys with side flanges, in addition to curving their rims, in 
order to prevent the belts from sliding off the pulley's face to one 
side or to the other. 

N.B. — ^The student may be referred to the Author's Text-book on 
"Applied Mechanics," Chapters XVII. and XVIII., for further information 
on belt, rope, and chain gearing. 
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LnCfFUBB XI. — QUBSnONS. 

1. In machinery, where one pulley drives another by means of an end- 
iess belt, there is a difference of tension in the two parts of the belt. Why 
is this 7 The pulley on an engine shaft is 5 feet in diameter, and it makes 
100 revolutions per minute. The motion is transmitted from this pulley 
to the main shaft by a belt running on a pulley, and the difference iiitenncm 
between the tight and slack sides of the belt is 115 lbs. What is the work 
done per minute in overcoming the resistance to motion of the main shaft 7 
(S. and A. Exam. 1891.) Ans. 180,550 ft-lbs. 

2. Deduce from the "principle of work" a formula for the brake 
horse-power transmitted by a belt. The pull on the driving side of a belt 
is 200 lbs. and on the following side 100 lbs., whilst the belt has a velocity 
of 990 ft. per minuta Find the number of units of work performed in two 
minutes and the B.H.P. transmitted. Ans, 198,000 ft.-lbs., 3 B.H.F. 

3. State and prove the rule for estimating the relative speeds of two 
pulleys connected by a belt. Also, the velocity ratio between the first 
driver and the last follower in belt gearing, where there are two or more 
drivers and a corresponding number of followers. [A main shaft carrying 
a pulley of 12 inches diameter and running at 60 revolutions per minute, 
communicates motion by a belt to a pulley of 12 inches diameter, fixed to 
a countershaft. A second pulley on the countershaft, of 8} inches dia. 
meter, carries on the motion to a revolving spindle which is keyed to a 
pulley of 4^ inches diameter. Sketch the arrangement and find the 
number of revolutions per minute made by this last pulley. (S. and A. 
Exam. 1891.)] Ans. 123*53. 

4. Two pidleys are connected by a driving belt, and the sum of their 
diameters is 30 inches ; one pulley makes 2 revolutions while the other 
makes 3 revolutions ; find their respective diameters. Ans. 18", 12". 

5. An engine works normally at 106 revolutions per minute. At that 
speed it was found that it drove by belting a dynamo at 420 revolutions 
per minute, but to show off the electric Ughts at their normal candle 
power the dynamo had to be run at 460 revolutions per minute. At what 
speed was the engine beine driven 7 Ans. 116 revolutions per minute. 

6. A puUey of 3 feet ramus rotates at 100 revolutions per minute and 
transmits motion to another pulley of 36 inches diameter. If there is 
ID per cent, slip on the belt what wiU be the speed of the follower f 
WhaA will be the net driving pull on the belt if 5 B.H.P. is transmitted by 

it 7 Ans, 180 revolutions per minute ; 97*2 lbs. 

7. Sketch an arrangement of pulleys and bands for obtaining a reversing 
motion from a shaft Siiven at a constant rate in one direction, and describe 
the action of the combination. 

8. Sketch a combination of fast and loose pulleys as used for setting in 
motion, or stopping machinery. Explain the construction adopted for re- 
taining a flat belt upon a pulley, pointing out where the fork is to be 
applied, and why. 

9. Sketch and describe a good form of slow forward and quick return 
for a shaping machine. 

la Sketch and describe an arrangement for driving the table of a plan- 
ing machine by means of a screw, so that the table may travel 50 per cent. 
faster in the return than in the forward or cutting stroke. (S. and A. 
1888.) 
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If. What is the object of using guide-pulleys in machineiyf Mention 
instances of their use, and show how the directions of their axes are 
ascertained. 

12. Describe, with a sketch, the mode of reyersing the motion of the 
table in planing machine, a screw being employed to drive the table. 

13. What is the object of using speed pulleys 7 Show their application 
in a foot lathe, and the manner in which the motion of the workman's foot 
is converted into the circular motion of the mandril Sketch the arrange- 
ment. The diameter of the largest pulley on the crank shaft being 2 feet, 
and that of the smallest pulley on the mandril being 3 inches ; find the 
number of rotations of the mandril for each complete rotation of the crank 
shaft when these pulleys are connected by a band. Atis. 8 revolutions. 
[N.B. — Refer to the figures in Lecture XYI. of the foot-driving gear for the 
Bcrew-cutting lathe, before answering this question.] 

14. When an ordinary train of wheels is employed for obtaining an 
Increased speed of rotation, how are the wheels arranged? Sketch an 
arrangement of four pulleys with bands for driving a fan at 1500 revolu* 
tions per minute from a shaft making 100 revolutions per minnta (S. and A. 
Exam. 1893.) 

15. Two shafts are at right angles, and one is to be driven from the 
other by a belt and pair of pulleys. What are the conditions to be 
observed in fixing the pulleys in order that the' driving belt may not run 
off either pulley when guide pulleys are not used 7 Indicate in your sketch 
the direction in which the driving belt is running and also which you 
suppose to be the driving and driven shaft respectively. (S. and A. Exam. 

1894-) 

16. A rope transmits 20 horse-power to a rope pulley of 8 feet diameter ; 

draw a section of the rope in its groove. If the pulley makes 100 revolu- 
tions per minute, what is the speed of the rope in feet per minute 7 What 
is the difference of the tensile forces in the rope on the two sides of the 
pulley 7 As it is the difference between the tensile forces in a belt or rope 
that is imx)orta&t for power, why is it necessary to have any pull on the 
slack side 7 (S. and A. Exam. 1898.) 

17. What are cone or speed pulleys ? Describe the use of such 
pulleys in any machine with which you are acquainted. The spindle of a 
lathe can, by moving the belt on its cone pulleys, be driven at a rate of 
400 revolutions per minute when at its greatest and at 100 revolutions per 
minute when running at its lowest spe^d. If the revolutions of the 
driving shaft are kept constant throughout, and the largest diameter of 
the speed cones is 20^^, what must be the diameter of the smallest steps 
on the pulleyf>, the speed pulleys on the two shafts being of the same 
size 7 Sketch the pulleys in position. (S. and A. 1899.) Ana. 10 inches. 
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LECTURE XII 

Contents.— Velocity Ratio of Two Friction Circular Discs— Htob Saifaces 
and Pitch Circles— Pitch of Teeth in Wheel Gearing— Rack and Pinion 
Velocity Ration in Wheel Gearing — Example I. — Principle of Work 
applied to Wheel Gearing — Examples II. III. — Questions. 

Velocity Batio of Two Circular Friction Discs. — If two 

truly centred circular discs or cylindrical rollers, having their 
shafts parallel to each other and free to turn in fixed barings, 
be brought into firm contact ; then, if one of them be driven 
round, and if there be no slipping, the other one will rotate in 
the opposite direction with the same circumferential speed or 
surface velocity (see the next figure). 

Consequently, their velocity ratio wiU he in, the inverse ratio to 
their diameters. 

This may be proved in exactly the same way as we found the 
velocity ratio of two pulleys driven by a belt in Lecture XI. 

Let Dj = Diameter of the driving disc. 
„ Fj = Diameter of the following disc. 
„ Np = Number of revolutions per minute of D^. 
„ N, " Number of revolutions per minute of F^. 

Then, The surface velocity o/" Dj = Surface velocity of Fj 
i.e, .... frDjN,jj = 7rF^Np 

Or, . . . . D,N., = F,N,,' 

(.«. The Driver's diameter x its speed • Follower's diatnT x its speed. 

Speed of the Driver Diameter of Follower 
• • Speed of the Follower Diameter of Driver 

This velocity ratio may also be proved in the following way : — 

Let the two circles centred at A and B represent a cross 

section of the two friction discs in contact at C ; and let them 

move by rolling contact through the angles 6 and ^ respectively 

in the same time. 

Since the magnitude of an angle in circular measure is 
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always = the length of the arc subtended by the angle a>t the centre oj 
the cirde + the radius of the circle. 




Velocity Ratio op Two Cibculab Discs. 

r,,, ^ . ^ arc DC J ^ TPTtn ^ arc EC 
Then, z DAC = = ; and Z EBC = = 

But, the arc DC = the arc EC smce there is no slipping. 

Consequently, 

DC 
The angular velocity of circle A _ ^ _ r^ _ r^ 



The angular velocity of circle B ^ EC r^ 

Or,* 

The angular velocity or speed of driver, A _ Eadius of follower B 
The angular velocity or speed of follower B Radius of driver A 

titch Surfaqes and Pitch Circles. — In the case of the two 
discs or rollers just considered, their cylindrical surfaces are tei med 
the pitch ati/rfaces ; and the two circles in the previous figure 
(which is simply a representation of their cross section, or section 
in the plane of their rotation) are called the pitch circles, 

* The angular velocity of a rotating disc is the angle described by its 
radius in unit time. 

The relation between angular velocity and linear velocity may be shown 
thus: — Let (t;=the angular velocity; whilst «=the linear velocity of a 
point at radius r from the centre of motion when the disc makes yt revo- 
lutions in unit time ; 

Then (axr=v ; or, w=-: but v=27rrn. 

r 

2vrn ^ 
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When the resistance to motion of the follower is great, the 
discs have to he provided with teeth in order to prevent slipping. 

Consequently, the pitch surfaces and the pitch circles of such 
toothed rollers, toothed wheels, or spur wheel and pinion, are the 
surfaces and the circles of their rolUng contact.* 

Pitch of Teeth in Wheel Gearing. — The linear or the 
circular distance from the centre of one tooth to the centre of the 
next one, or the distance from one edge of a tooth to the corre- 
sponding edge of its neighbouring one, as mea^sured on the pitch 
circle, is termed the pitch of the teeth of a wheel. 

Let D = Diameter of a wheel or pinion at its pitch circle. 
p = Pitch of the teeth in the wheel or pinion. 
n = Number of teeth in the wheel or pinion. 
TheuTrD = p X n 

For the circumference of the pitch circle must bo equal to the 
pitch between any two neighbouring teeth x the number of teeth 
in the wheel or pinion ; since the pitch between each pair of teeth 
must be the same all round the pitch circle, otherwise the wheel 
would not gear properly with any other wheel or pinion of the 
same pitch. 

Back and Pinion. — If a straight bar of iron be fumisbed with 
teeth on one side it is called a rack. It may therefore be con- 
sidered as a wheel of infinite radius. When a rack has a pinion 
of the same pitch geared with it, the two form the useful combi- 
nation termed the rack and pinion. It is employed for moving 
to and fro the tables of planing machines and large saw benches, 
as well as for elevating and lowering sluices in dams, &c. 





Puaion Pinioa Pinion 

End View. Side View. 

Back and Pinion applied to a Saw-mill Table. 

The accompanying illustrations show the second of these appli- 
cations, where two parallel racks are fitted to the under side of 

* When a large toothed wheel gears with a small one, the larger id 
termed a spur-wheel aod the smaller a pinion. It is not possible in the 
space allotted to this elementary manual to enter into the best forms of 
the teeth of different kinds of wheel gearing. This subject is taken np in 
our "Advanced Text Book," Vol. L, Part II. 
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two moy&bld tables oir platforms. Upon the upper side of one 
of the tables is laid a log of wood adjusted in the desired position 
by \vedges. The tables are each carried and guided by four 
rollers tumipg on fixed spindles. To the projecting end of the 
pinion shaft there is fitted a lever handle, so that by merely 
turning this handle in one direction, the racks, tables, and log of 
wood are pushed forward upon the projecting circular saw which 
revolves between the platforms, and if turned in the opposite 
direction they are drawn backwards. The pinions with their shaft 
and handle, have no linear motion, for the shaft is simply free 
to rotate in fixed bearings. 

The rack cmd pinion with their handle constitute a modification 
of the wheel and axle, or lever and winch barrel, where the re- 
sistance offered by the rack and its load is overcome by a force 
applied to the handle. Every revolution of the handle turns the 
pinion, and consequently moves the rack through a linear dis- 
tance equal to the circumference of the pinion's pitch circle. 
The principles of moments and of work can therefore be applied 
to this machine in exactly the same way as we applied them to 
the wheel and axle and the winch. 

If P B Pull acting on the handles, 
K i* Radius of handle, 
r = Radius of pinion's pitch circle, 
W  Weight or resistance overcome ; 

Then • . P x 2jrR = W x 2irr 

P X R = W X r 



Theoretical advantage 



W R Fs velocity 



P r Ws velocity 

Velocity Batio in Wheel Gearing. — From what has been 
said about belt gearing, pitch surfaces, pitch circles, and pitch of 
teeth, it must be at once apparent to the student that the same 
rule which was worked out in Lecture XL, in connection with 
belt gearing, will equally apply to the case of wheel gearing, 
where there are an equal number of drivers and followers. In 
the accompanying figure, where there are three drivers and three 
followers. 

Let Dp B,, D, = Diameters of the drivers. 
„ Fj, F,, F, as Diameters of the followers. 
„ Nd , Np — Number of revolutions in the same time of the 

first driver and the Id&t follower. 

Then, following the same reasoning as was expounded in Lecture 
XI' for the velocity ratio of belt gearing, we have 
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The speed of the first driver x 
the successive diameters of 
the drivers 



Np^ X Dj X D, X D3 



VaCta 



Or, 









The speed of the last follower 
X the successive diameters 
of the followers. 

Np3 X F, X F, X F3 
F^ X F, X F , 
D. X D, X D3 



T he speed of first dr iver _ Product of the diameters of the followers. 
The speed of last follower ~ Product of the diameters of the drivers. 

In the above equation we may substitute the radii, or the cir- 




SiDB View. 



Plan. 



Wheel GBABiNa in a Triple Pubchasb Winoh 

cumferences, or the number of teeth in the drivers and in the 
followers respectively, for their diameters ; consequently. 

Let r^ , y*D > ^D ~ I^dii of the respective drivers. 
^D > ^B = Circumferences ,, 

^D > %' = Number of teeth in „ 
^'f » ^p' = Radii of the respective followers. 



C, 



r 



» ' F 



Then, 
Or, 



Pi 



CJj CJ = Circumferences 



n , Up 



,' = Number of teeth in 
Nd. xCd xCp xCp =Np xCp xOp xOp 

^123 31 r. 3 
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FKINCIPLE OF WORK APPLIED TO WHEEL- GEARING. I 3 5 
Or, Nj) xnj) xwd xwn =Np xn^ xw, x Wp. 

1 1 « 8 8 1 » • 

Example I. — ^Three drivers of 10, 20, and 30 tee^^n each, gear 
respectively with three followers of 40, 80, and 120 teeth each. 
Ascertain the velocity ratio between the first driver and the last 
follower. 

By the above formula — 

Nn XWdi XTId XWd =;Np X Tip X Wp X Wp ; 
I ^* ^f ^8 8 1 S 8 

. Nd Wpj xnp xwp 

Substituting the corre-'\ 
sponding numerical Nd __4o x 80 x 120 4x4x4 64 
values for the letters, , 'JJ^* "" 10 x cox 30 ^ 1 ^ 1 
we get J * 

Principle of Work applied to Wheel-gearing.— Referring 
to the previous figure, it is perfectly evident from the former 
applications to other machines of the " principle of work," that, 
neglecting friction, the force applied (to the handles of the 
machine) x the distance through which it acts, will be equal to the 
weight raised x the distance through which it is elevated. 

Let  P = Push applied to the handles in lbs. 

„ R = Radius or leverage at which P acts. 

^ W = Weight raised by the rope on the barrel B, 

„ r = Radius or leverage with which W acts. 

„ Dp D,, D, = Diameters of the driving wheels. 
„ Fj, P„ F,= Diameters of the following wheels. 
„ Nd as Number of revolutions of thB fi/rat driver, D^ or of 

' the handles, H. 
„ Np as Number of revolutions in the samie time of the last 

' follower, F„ or of the barrel, B. 

Then, by the principle of work and neglecting friction — 
P X its distance * = W x its distance. 

f .«., . P X 27rR X Nn = W X 27rr X Np 

(Divide both sides of the equation by 27r) 
••• P X R X Nd^ = W X r X Np 
n^ PxR Np^ P* Npjxr 

V/r, • . -== = —: -8 . or Trf = 



Wxr-Np' "' W"Nd xR 

* It is evident that in order to obtain the df&tance through which P 
acts, we must multiply the circumference of the circle described by the 
handles by the number of revolutions they make ; and in the same way 
the circumference of the barrel must be multiplied by the revolutions 
wli;ch ;t i^akes ip the same time, \a order to get W's di»tan9§. 
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But by the previous equation for velocity ratios^ 

Nj)'"F, xF,xF, 

*"*•' • • Wxr~F,xr,xF, 

Or, P X R X F, X F, X F, = W x r x Dj x D, x D, 

Ilerice the general rule for work done in wheel-gearing FxiU 
leverage x the diameters (or radii, or circumferences, or number of 
teeth) qfall thefoUowers^W x its leverage x the diameters (or radii, 
or circumferences, or number of teeth) o/aU the drivers. 

Example II. — If four men exert a constant force of 15 lbs. 
each on the handles of a compound crab or winch (such as that 
illustrated by the previous figure), and if the leverage of the 
handles is 1 5", whilst the weight to be raised acts on the barrel 
or drum at a leverage of 5'', what load will they lift if the 
respective diameters of the drivers are 12", 20", and 20"; and 
of the followers, 36", 80" and 100", neglecting friction? 

Answer. — In this case, P = 4X 15 = 60 lbs.; R=i5"; r=5''; 
Dj=i2"; D,-2o"; D,= 2o"; F, = 36"; F, = 8o^ and F,= 100". 

By the above formula and by substituting the corresponding 
numerical values we have — 

P X R X Fj X F, X F, = W X r X Di X D, X D, 

60 X 15" X 36" X 80" X 100" = W X 5" X 12" X 20" X 20" 

3 3 4 5 
^^6ox|^x00x^0x|00 



•• "~ ^ xWx 

Or, . . . . W = 60 X 3 X 3 X 4 X 5 = 10,800 lbs. 

ExAMPLB III. — If 40 % of the force applied to the handles be 
absorbed in overcoming internal friction in the above example of 
a winch, what weight can then be raised by the four men, each 
acting, as before, with a constant force of 1 5 lbs. ? 

Answer. — If 40 % of the applied force be lost in overcoming 
friction, then only 60 % is left for effective woik, or the efficiency 
or modvlus of the machine is said to be 0*6.* 

Consequently, 100 : 60 : : 10,800 lbs. : x lbs. 

60X10,800 aAOf\M^^ 

,•, a?« ? — = 6480 lbs. 

100 

* The term modvlus of a machine is only another expression for t\ie ipprs 
appropriate phrase, efficiene^ of a macfUn^. 
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LsGTUBB XII.— Questions. 

1. When two circalar discs with fixed centres are in firm contact and 
roll uniformly together, state and prove the rale for estimating their 
relative speeds of rotation. 

2. Define the pitch circle of a toothed wheel. When two pitch circles, 
A and B, of diameters 2 and 3 respectively, roll together, prove that the 
angular velocity of A is to that of B as 3 to 2. Three spur wheels, A, B, 0, 
with parallel axes, are in gear. A has 8 teeth, B has 32 teeth, and C has 
42 teeth. How many turns will A make upon its axis while C goes round 
8 times ? Why is B termed an idle wheel ? (S. and A. Exam. 1888.) 
Ans. 42 turns. {See Note to Question 10 re Idle Wheel.) 

3. What is the pitch of a tooth in a spur wheel ? Two parallel shafts, 
whose axes are to be as nearly as possible 2 feet 6 inches apart, are to be 
connected by a pair of spur wheels, so that while the driver runs at 100 
revolutions i)er minute, the follower is required to run at only 25 revola- 
tions per minute. Sketch the arrangement, and mark on each wheel its 
diameter and the number of teeth, supposing the pitch of a tooth to be 
i^ inch. (S. and A. Exam. 1890.) 

Ans, The follower is 48 inches diameter with 120 teeth. 
The driver is 12 „ „ 30 „ 

4. Define the "pitch surface" and the "pitch circle" of a toothed 
wheel. Two parallel axes are at a distance of 10 inches, and they are to 
rotate with velocities as the numbers 2 and 3 respectively. What should 
be the diameters of the pitch circles of a pair of wheels which would give 
this motion. Find pitch of teeth on the smaller wheel if the larger has 
24 teeth ? Ana. 12 ins. and 8 ins. ; 1*57 inch. 

5. Sketch and describe the ^^roAih and pinion " and give instances from 
personal observation of its application. A pinion of 3'2" diameter has 
teeth of i" pitch, and gears with a straight rack applied to a sluice gate. 
If the weight of the sluice and rack be 100 lbs. and the lever handle 
describes a circle of 40*2'' in each turn, what force must be applied to the 
handle to lift the gate ? How many feet will the sluice be lifted by six 
turns of the handle ? Ans, 25 lbs. ; 5 ft. 

6. Sketch the arrangement known as the rack and pinion. Apply the 
"principle of moments " and the " principle of work" to find the relation 
between the force applied and the weight raised by aid of this machine. 
A pinion has sixteen teeth of J-inch pitch in gear with a rack. If the 
pinion makes 3^ turns, through what distance has the rack been moved ? 
If the pinion is turned by aliandle 14 inches loog, and with a force of 
35 lbs. applied to the Handle, find the force with which the rack is urged 
lor ward. Ana. 49 inches ; 220 lbs. 

7. Deduce the formula for the velocity ratio in wheel gearing where there 
are three drivers and three followers, and state the rule derived therefrom 
in general terms. Three drivers of 20, 30, and 40 teeth respectively gear 
with three followers of 40, 60, and 80 teeth. If the first driver makes 160 
revolutions, how many revolutions will the last follower make ? Ans, 20. 

8. In the previous question, if the handles attached to the first driver 
have each a radius of 15", and the drum connected to the last follower be 
15" diameter, what force must be applied to the handles in order that 
they may lift 1120 lbs., supposing that the efficiency of the machine is 
70 per cent. ? Ana, 98 lbs. 

9. The hour and minute hands of a clock are on the same arbor or axis, 
and the hour hand takes its motion from the minute hand. Devise somo 
tr^n of yrheels for connecting the t^wo l^&04st 
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10. How would yon determine the "pitch circles," and the proper 
'* pitch of the teeth" for a pair of spur-wheels? What would be the 
diameter of the pitch circle of a spur-wheel having 80 teeth of f-inch 
pitch ? 

Three spur-wheels A, B, G are on parallel axes, and are in gear. A has 
10 teeth, B has 35 teeth, and C has 55 teeth. How many revolutions upon 
its axis will be made by A for every 4 revolutions of 7 Why is B caUed 
an idle wheel and what is its use 7 (S. & A. Exam. 1896.) 

Note re ^*Idle or Intermeduxte Whed" — ^When a wheel is carried on a 
separate axle and is interposed between two other wheels (or is introduced 
into a train of wheels), merely for the purpose of changing ike relative 
directions of rotation of the first and last wheel, then sach intermediate 
wheel is called an idle wheel, because it does not affect the numerical 
value of the train, but only its sign. For examples, see Vol. I. of rxj 
'* Text Book of Applied Mechanics," Lecture XI. 
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LECTURE Xni. 

UOHTBKTS. — SiDgle-purctiase Winch or Crab — Biample I. — Doable-pur- 
chase Winch or Crab — Eiample 11. — Wheel Qearing in Jib-Cranes— 
QnestioDS. 

Is this Lecture we will apply the principles and formulte diB- 
cusaed in the previoua one to a few practical applications of 
gearing in machines for lifting weights. 

Single -pur chase Winob or Crab. — The comparatiyely small 
workiDg advantage of the simple hand-driven wheel and axle or 



SlNOLE-PUBCHASR WlHCH OB OSAB, 

B; MessTS. London Bros.) Glasgow. .' 

handle and winch barrel (illustrated in LectureV.) renders it unfit 
for lifting greater weights than one or two hundredweight. Con- 
eetjuently, whenever heavier loads faavQ to be raided by mapual 
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labour, one of the most useful machines that can be employed is 
the single-purchase crab. As will be seen from the accompanying 
perspective view, this machine consists of a pair of lever handles 
fitted to the squared ends of a round shaft carrying a pinion. 
This pinion gears with a spur-wheel keyed to a lower shaft, upon 
which is also fixed a drimi or barrel. To a hook or eye on the 
inside neck of the left-hand flange of this barrel the rope or chain 
(to be connected to the load) is attached. Therefore, the turning 
of the handles causes the barrel to rotate and wind the rope upon 
it, thereby elevating the load. Both shafts turn in bearings 
bored in the cast-iron end standards or A frames. These frames 
are bound tightly together and kept at a fixed distance apart by 
three wrought-iron collared stays, secured on the outside by screw 
nuts. To the outside right-hand end of the barrel shaft there is 
keyed a friction pulley acted on by a steel brake-strap, for the 
purpose of enabling the labourers to lower a load gently or 
quickly without enduring the stress and danger of pulling back 
on the handles. In fact, after applying the brake-strap by its 
outstanding handle, they can lift the claw pawl which is hinged on 
the top stay (and which keeps the pinion in gear with the spur- 
wheel when in the position shown on the figure) and by pulling 
the upper shaft to the right, disengage the pinion from its wheel. 
Then, by adjusting the pawl into the other groove of this shaft, 
they are free to lower the load by the brake without having the 
handles flying round. Between the right hand flange of the 
barrel and its neighbouring A frame there is a ratchet- wheel (not 
seen on the figure). This ratchet-wheel is generally cast along 
with the barrel. Its pawl, which is hinged to the inner side of 
the standard, can therefore be dropped down so as to engage 
with a tooth of the stop-wheel, whenever it is necessary to cease 
heaving up a heavy weight ; thereby preventing the Machine 
overhauling, and giving the labourers freedom to leave the handles 
and attend to other duties. 

Example I. — In a single-purchase crab the lever handles are each 
16" long, the diameter of the barrel is 8''; the pinion or driver 
has 12 teeth, and the wheel or follower 60 teeth. If two men 
apply a constant force of 20 lbs. each to the handles, and are just 
able to raise a weight of 600 lbs. to a height of 20 feet in two 
minutes, find — (i) the theoretical advantage; (2) the working 
advantage; (3) the work put in for every foot the weight is 
lifted ; (4) the work got out for every foot the weight is lifted ; 
(5) the efficiency; (6) the percentage efficiency of the machine; 
(7) the H.P. developed by the two men. 

Anbweb. — Referring to the notation in last Lecture, we have 
p.2 X 20 lb8.«4olbs.; K=i6''; r»4'^; nj)—i2 teeth; ny«6o 
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teeth ; W^^the theoretical weight that would he raised if there 
were no friction ; W^ — 600 lbs. (the actual weight raised) ; ^ « 20 
feet. 

W 

( 1 ) Theoretical advantage « -pr 

By the principle of work (neglecting friction,) 

P X by its distance* = W^ x its distance.* 

P X 2n-R X Wp = Wt X 2«rr X Wj, 
Px R xnp = WTX r xwd 

__ P X R X ny 

• • VYqn ^ 

*^ rxnj) 
(Sabstituting the above numerical values we get) 

W, = 4i4l^i? = 4OX4X5 = 8001b8. 

Wt 800 20 
Consequently, • , 'p- = ^IT^ 

/ \ ur T J M ^A 600 lbs. 15 

(2) Working advantage = ^^ = =7— = -r- 

(3) Work put in for every foot Wj^ w raised. From equation 

(1) we see that for every foot W^ is raised P must have gone 

20 
through 20 feet, since the velocity ratio is — 

.•. P X 20= 40 lbs. X 20 = 800 ft.-lba 

(4) Work got out for every foot W^ is raised 

= WaX i' = 6oo lbs. X i' = eOO ft.-lbs. 
, . -„ ^ . Work ffot out 600 ft.-lbs. 

(S)mefiUy,^ - Workputm ° 8ooft..lbs. °-75 

(6) The percentage effidericy =»75 x 100 = 75% 

,._,,__- - , - , Work put in per minute 

(7) The H.P. developed by the two men = 

. TT -p _ 8000 ft.-lbs. 1 ' r u 

••.tL.-t. = «■ ,v ='T full* or o of a horse-power per man. 

33000 ft.-lbs. 4 ' 8 r r 

• It is evident that — 

P X I turn of handles Number of teeth in the driver 



Wt X I turn of barrel"* Number of teeth in the follower. 
Or, . . P X 2irR : W x mr : : n^ : », 

,\ Fx2TBxnyasW7xa«rxfty 
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I>oabIe-purcha8e Winoh or Crab. — It will be observed, from 
aninspecttOQof tbe accompanying photographic viewof fi " Double- 
purcfaaee Crab," that the chief difference between it and the single- 
purohafe one is, that it has another pinion and wheel, with a view 
of iucreaaing the actual or the workin^c advantage, and thus 
enabling the same manual force to lift a greater load, although 
by taking a longer time. It is ako larger, heavier, and stronger. 



DOUBLB-PUBCHABB WiNCH OH CSAB. 
B7 MesEiB. London Sros., Glasgow, 

As will be seen from the figure, it may be used as a single-purchase 
winch by simply lifting the claw-pawl hinged ou the top stay, and 
pushing the handle shaft forward until its left-hand pinion gears 
with the large spur wheel, and then letting the pawl drop on to 
bearing to the right hand of the two collars on this shaft. By so 
doing, the right-hand pinion or first driver (when in double-pur- 
chase gear) is freed from the first follower, and both are inactive 
during the time it is used in single purchase, but the second 
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driver is still in gear and is turned round by the spur wheel. The 
brake strap pulley is keyed to the second shaft (carrying the first 
follower and second driver), and can be used for lowering the load 
without the handles coming into action (as described in the pre- 
vious case) by placing the claw-pawl between the two collars in the 
first motion shaft. When the pawl is in this position, both of the 
pinions on this shaft are out of gear. The machine may be locked 
and the load left suspended by dropping the ratchet into the 
ratchet-wheel cast on the right-hand end of the barrel in the same 
way as with the single-purchase crab. A triple- purchase winch 
was illustrated in Lecture XII., and the student should again 
refer to the plan and the side elevation of its gearing. 

Example II. — Four men exert a force of 20 lbs. each, on the 
handles of a double-purchase crab, which are 15" long. The 
driving pinions have 1 2 teeth each, the followers 24 and 48 teeth 
respectively, and the diameter of the barrel is 10". Find the 
weight that can be raised if 25 per cent, of the work put in be 
absorbed in overcoming friction. 

Answer. — Here P = 4 x 20 = 80 lbs. ; R = 15" ; n^i =» 1 2 ; tijy^ = 

£2; 7ipj = 24; np, = 48; ^=5". 

By the formula deduced in the previous lecture from the 
principle of work (neglecting friction), 

PxRxwpXr&p= Wt XrXTln XUn 

Sox^^x;^^ x^9 =W>^xfxlixXi 
3 2 4 

After cancelling, we get — 

80 x 3 X 2x 4==Wx= 1920 lbs. 

If 1920 lbs. of work be expended by the men and 25 per cent, 
of this be lost work, there remains 75 per cent, as useful work. 

Or, . . 100 : 75 :: 1920 lbs. : W^^. 

Weight actually raised = W^ = 1440 lbs. 

Wheel Gearing in Jib Cranes. — In Lecture VIII. the side 
view of a jib crane was given for the purpose of exemplifying the 
stresses on the jib, tie- rods, and central pillar. We now illustrate 
a swing jib crane on a bogie and rails, to show that the frame- 
work and lifting gear are simply those of an inverted double- 
purchase crab with the toothed wheels placed outside the standards 
Instead of inside as in the ordinary winch. The snatch block 
pulley (previously referred to in Lecture VII.), to the hook of 
which the load is attached, doubles the theoretical purchase or 
advantage of the winch gearing, and therefore one, two or more 
men can lift nearly double the weight by aid of this simple 
addition to the machine. Large cranes of this description ar^ 
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fitted with slewing 6p horizontal turning gear, to enable the load 
when lifted to be swung round before depositing it in a truck, 






II 



E 



hold of a thip, or on a mafihine tool. This latter gear consists of 
A horizontal wheel on the top of tbe vertical central cast-iron 
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supporting boss, with which is geared a bevel pinion, actuated by 
aid of a lever handle. 

In order to prevent the whole machine being capsized by a 
heavy load, there is a back balance weight, and further the bogie 
wheels can be clamped to the rails. The back balance weight also 
tends to cancel the severe right angle stress on the central pill9.r 
which was specially taken notice of in Lecture VIII. We will 
defer the description of heavy steam power cranes, tripods And 
shear legs to our Advanced Course. 



Lbctubb XllL— Quest lois^— {continued). 

10. What do yon understand by the efficiency of a machine, and how is 
it measured 7 In a single purchase crab, the pinion has 12 teeth and the 
wheel has 78 teeth, the diameter of the barrel being 7 inches, and t^e 
length of the lever handle 14 inches. It is found that the application of a 
force of 15 lbs. at the end of the handle suffices to raise a weight of 
280 lbs., find the efficiency of the machine. (S. and A. 1895.) Ans. 72 
per ctnt. 
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Lectubb XIII.— Questions. 

1. Where wheelwork is employed to modify motion, as in a crane, or in 
the double-geared headstock of a lathe, how is the change of motion 
calculated 7 Write down the formula employed. 

2. Sketch a side elevation and end view of a single purchase crab, and 
describe the same by aid of an " index to parts." Apply the principle of 
work in solving the following question : — The lever handle of a crab is 
three times the diameter of the drum, and the wheelwork consists of a pinion 
^f 16 teeth driving a wheel of 80 teeth ; what weight will be lifted by a 
^orce of 30 lbs. acting at the end of the lever handle 7 Ans. 900 lbs. 

3. Describe, with a freehand sketch, a single purchase lifting crab. The 
leverage of the handle of the crab is 16 in., and there is a pinion of 20 teeth 
driving a wheel of 100 teeth, the diameter of the barrel being 8 in. Assign 
the relative proportions of the working parts, and estimate the theoretical 
advantage. What weight would be raised by a man exerting a force of 

15 lbs. on the lever handle, neglecting friction 7 An$. 300 lbs. 

4. A weight of 4 cwt. is raised by a rope which passes round a drum 
3 feet in diameter, having on its shaft a toothed wheel also 3 feet in 
diameter. A pinion, 8 inches in diameter, and driven by a winch-handle 

16 inches long, gears with the wheel. Find the force to be applied to the 
winch-handle in order to raise the weight. Ans, 112 lbs. 

5. In a lifting crab the lever handle is 14 inches long, the diameter of the 
drum is 6 inches, and the wheel and pinion have 57 and 11 teeth respect- 
ively. Find the weight in pounds which could be raised by a force of 50 
lbs. applied to the lever handle, friction being neglected. Ans, 1209 lbs. 

6. In a crane there is a train of wheelwork, the first pinion being driven 
by a lever handle ; and the last wheel being on the same axis as the chain 
barrel of the crane. The wheelwork consists of a pinion of 1 1 gearing 
with a wheel of 92, and of a pinion of 12 gearing with a wheel of 72, the 
diameter of the barrel being 18 inches and that of the circle described by 
the end of the lever handle being 36 inches ; find the ratio of the puU to 
the weight raised, friction being neglected. Ans. 1 1 : 1 104. 

7. In a 30-ton crane the tension of the chain as it runs on the winding 
barrel is 7^ tons, the barrel is 2 feet in effective diameter, and the spur 
wheel connected with it is 4 feet in diameter on the pitch line ; what 
pressure will come upon the teeth of the spur wheel, supposing such 
pressure to act on the pitch line (friction is neglected) 7 (S. and A. Exam., 
1889.) Ans. 3" 75 tons. 

8. The crank of an engine is 2' long, and the diameter of the fiy-wheel 
is 10^ ; also the fly-wheel has teeth on its rim, and drives a pinion 3' in 
diameter. If the mean pressure on the crank pin be 7} tons, what is 
the mean driving pressure on the teeth of the pinion 7 Ans. 3 tons. 

9. Draw to scale a side elevation, end view and plan of a double purchase 
crab, and describe the same by aid of an " index to parts." If four men 
each exert a constant force of 15 lbs. on the handles of such a crab ; if the 
handles have a leverage of 16 inches whilst the barrel is 16 inches diameter, 
and if the drivers have 12 teeth each while the followers have 24 and 60 teeth 
respectively ; find the weight which they could balance neglecting 
friction. If 30 per cent, of the work put in, be taken up in overcoming 
friction, what load can they lift? State (i) theoretical advantage; 
(2) working advantage ; (3) work put in when lifting the load i foot ; 
(4) the work got out ; (5) the percentage efficiency ; (6) the height 
through which they would lift the load m i minute if each man de- 
veloped } H.P. Ans, 1200 lbs. ; 840 lbs. ; (1) 20 : i ; (2) 14: i (3) 1209 
ft. -lbs. ; (4) 840 ft. -lbs., (5) 70 per cent.; (6) 13-75 ^^ 
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Contents.— Screws — The Spiral, Helix, or Ideal Line of a Screw Thread 
— The Screw viewed as an Inclined Plane— Characteristics and Con- 
ditions to be Fulfilled by Screw Threads — Different Forms of Screw 
Threads—Whitworth's V-Threads— Whitworth's Tables of St'indard 
V-Threads, Nuts and Bolt Heads— Seller's V-Thread— The Square 
Throad—The Rounded Thread— The Buttress Thread— Right and 
Left-hand Screws — The Screw Coupling for Railway Carriages — 
Single, Double and Treble Threaded Screws— Backlash in Wheel and 
Screw Gearings — Questions. 

Screws. — Every one is more or less familiar with the form and 
uses of the screw nail for securing pieces of wood together, and of 
the bolt with its nut for fixing metal plates in position ; but every- 
one is not so familiar with the principle upon which screws aie 
generated and act, or with the best shape to be given to a screw 
under different circumstances. We shall therefore endeavour 
in this Lecture to explain these points in an elementary manner, 
instancing a few examples of the practical applications of screws, 
but reserving for the following Lecture questions on the work 
done by screws and their efficiency. 

The Spiral, Helix, or Ideal Iiine of a Screw Thread. — 
A very good idea of the form of a screw is obtained from the accom- 
panying figure, which represents one means of elevating or trans- 




6PIBAL OR Screw for Moving Grain. 

f erring grain, fiour or other powdered substances from one part 
of a milling works to another. It consists of a steel band twisted 
around a cylindrical shaft in a continuous and uniformly pitched 
spiral. This shaft and screw are placed in a trough, tube or 
pipe. The grain or powdered substance is fed in at one end 
of the pipe, and by rotating the screw with a wheel or lever fixed 
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to one end of the shaft, llie loose material is gradually pressed 
forward until it reaches the other end, from which it may be 
dropped into sacks or put through another process. It is evident 
fi-om an inspection of the figure that aa the screw is turned round 
by the lever, the particles of mntter are forced along the/ace of 
the corUimtovia inclined plane formed by the spiral steel band. 

The prineipU upon which the screw acta it, Aerefare, a oombination 
Hf' the inclined plwne and ihn lever. 

To bring thin view of the case still more forcibly before the 
student, take a cylinder and fix along the side thereof parallel to 



FoBuiNG A ScBEw Tbeead on a Ctlihdbb. 

its axis (by gum or drawing pins) a i-ectangle, ACDE, of paper 
or whit« cloth, having its sides, AC and BE exactly equal to the 
circumference of the cylinder. Then, when the envelope is wound 
round the cyhnder by the turning of the handle, H (in the direction 
shown by the arrow at P), it exactly covers its cylindrical surface. 
On the outside of this rectangle when unfolded], draw any con- 
venient number of parallel inclined black lines, AB, kc., equi- 
distant from each other as shown by the figure, and again wrap 
it round the cylinder. These lines will be found to form a con- 
tinuous spiral, heliz, or screw-thread line from one end of the 
cylinder to the other. And the side AC of the right-angled 
triangle ACB forms the circum/erenee, BC the piteh, AB the 
length of the thread (for one complete turn of the cylinder), and 
the angle BAG is the inclination or angle of the screw. 

The Screw Viewed as an Inclined Plane. — TaJce another 
cylinder having an evenly pitched screw-thread line drawn upon 
it. Cut a sheet of flexible cai'dboard into the form of a right- 
angled triangle with its height BC or h equal to the pilch (or dis- 
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tance between two consecutive threads when measured parallel 
to the axis of the cylinder) ; AC or b equal to the drcum/erence 
of the screw and wrap it round the cylinder, taking care to keep 
BC parallel to the axis. Then the hypothenuse AB or length I 
of the inclined plane will coincide with the contour of the screw- 
thread for one complete turn, and BAG or, a, is the angle of the 
thread to the plane at right angles to the axis of the cylinder. 

Now conceive this screw-thread instead of being a mere line 
to be an inclined plane of known breadth, as in the case of the 
grain elevator.* Let the total weight of material being urged 




Figure to Prove that a Screw Thread is an Inclined Plane. 

forward or upwards by the turning of the screw be W lbs., and 
let the resistance due to this load be uniformly distributed along 
the screw thread or inclined plane. Then, comparing the first and 
the third figures, it is evident that any small portion of the load 
having a weight W^ lbs. will have a corresponding reaction R, lbs., 
and will require a part P, lbs. (of the total force, P, applied to 
turn the screw at the radius at which this portion is situated) to 
move it along the screw-plane against the frictional resistance F,. 
Imagine the work done to be transferred to the inclined plane, 
AB, then any portion of the load having a weight Wj lbs. will 
have a corresponding reaction E,j lbs., and will require a part 
Pj lbs. (of the total force, P, applied parallel to the base to pull 
the whole load up the inclined plane) to move it along the plane 
against the frictional resistance F^. Now, these forces act in 
identically the same way as the second case of the inclined plane, 
which was discussed in Lecture IX., consequently — 

Wi : Pj : E, 
.-. W : P : R : 



AC 


: CB 


: AB 


AC 


: CB 


: AB 


b : 


h 


: I 



* Or, that the screw-thread has a certain depth as measured radially 
from the axis of cylinder. 
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i-i P O B _ height h pitch of thread 

W A base 6 circumference of screw. 

We therefore see that a screw may be treated as an inclined 
plane where the force turning the screw — t.e., overcoming the 
resistance to motion — acts parallel to the base of the incline. The 
same reasoning may be applied to any screw turning in a nut or 
to a nut turning on a screw. 

Charaoteristios of and Oonditions to be Fulfllled by 
Screw Threads. — The essential characteristics of a screw-thread 
are its pitchy depths and form. 

The principal oonditions to be fulfilled by a screw-thread are : 
(i) efficienoy; (2) strength; (3) durability, 

(i) The efft4sienGy depends on the pitch and the friction, and 
hence on the pitch and form of thread. 

(2) The strength depends upon the form or the shearing thick- 
ness and depth, or area of the cross section parallel to the axis. 

(3) The dur<Mlity depends chiefly on the depth — that is, upon 
the extent of bearing surface. 

Different Forms of Screw Threads. — Sir Joseph Whitworth, 
the famous tool and gun manufacturer, was ao impressed with 
the great inconvenience and loss of money which arose from the 
use of different pitches and forms of threads for screws and nuts, 
that he published the following tables giving the dimensions of 
what has now become known as the Whitworth standard. Prior 
to 1 84 1, the year in which Whitworth proposed the adoption of 
standard sizes for screws, and for severed years afterwards, differ- 
ent engineering works in this country not only used different 
pitches for screws of the same diameter, but it was no uncommon 
thing to find a want of uniformity in the same shop. Now, 
every one in Great Britain and her colonies uses the Whitworth 
standard sizes for V-threaded bolts and nuts of |-inch and upwards, 
and the British Association standard for smaller screws in electrical 
and philosophical instruments. 

Whitworth'a V Thread.* — ^The following figures of a Whit- 
worth thread and nut, together with the tables, will serve to 
give full information regarding the number of threads per inch 
for different diameters of screw-bolts, nuts and bolt-heads, &c. 

The angle between opposite sides of the threads and of the 
intervening spaces is 55". One-sixth of the depth of the thread 
18 rounded off at both the top and the bottom for the purpose of 
preventing a sharp nick at the bottom (which would weaken a 

* For a description of Whitworth's screw-taps, plates, stocks, dies and 
combs, see " Workshop Appliances " bj Professor Shelley. And for a table 
of the B.A. Standard for Small Screw8,see Monro and Jamieson's Electrical 
Roles and Tables, 13th ed., p. 67. 
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Whitworth's Standard por Screws with Angular Threads. 
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Whitworth Vee Thread. 



Angle of thread = 55°. One sixth 
of depth is rounded off at top . and 
bottom. 

Number of threads to the inch in 
square threads = J number of those in 
angular threads. 

Depth of threads = 0*64 pitch for 
angular = 0*475 pitch for squai^ 
threads. 



Whitworth's Gas Threads. 
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Whitwokto's Stand AEn NoTs and Bolt-heads. 
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bolt or a nut), as well as for ease in manufacturing them, since it 
would be practically impossible to maintain such perfectly sharp 
edges in the stocks and dies or in the combing tools with which 
such bolts and nuts are generally screwed. Besides, it would be 
most inconvenient to handle such sharp-pointed screws if they had 
edges tapering right off to 55**, and, moreover, it would serve no 
useful purpose, for such a thin edge cannot materially add to the 
strength of a screw-thread. 

The Whitworth thread is stronger than any other, e^rcept that 
of the buttress one. since its thickness at the bottom of the thread 
is nearly equal to the pitch of the screw. The compression or 
grip is considerably greater than with the square thread, because 
the pitch is only half as much for the same size of bolt. The 
efficiency of the Whitworth V-thread as a means of transmitting 
motion is, however, small, since the reaction being at right angles 
to the face of the thread, a large part of the force employed in 
turning the screw is expended in tending to burst the enveloping 
nut. This very inefficiency, however, adds to its utility as a 
binder for all kinds of machinery, since a properly fitted nut when 
once screwed down, will not run back or overhaul, unless the pitch 
be very great and the threads be well oiled. 

Seller's V-Thread. — In the United States of America, Seller's 

V-thread is used. It differs from the 
Whitworth V-thread in that the angle 
between the opposite sides of the thread 
and between the spaces is 60° instead 
of 55*", also the depth is reduced by a 
sharp flat top and bottom, equal to one- 
eighth of the pitch, instead of being 
rounded. This is rather a curious 
divergence from the usual American practice, where almost every 
other part of their excellent machine tools are beautifully rounded 
oft* by symmetrical curves. 

The Square Thread — Since the bearing surface in this 
thread is very nearly at right angles to the direction of pressure 
and resistance it is much used for transmitting motion. Of the 

•<b..... p. _____>• 
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Square Thread. 



SCBEW THB£ADS. t^; 

force applied to turn this screw there is only a Rmall percentage 
dissipated in tending to burst the nut ; consequently, its efficiency 
is greater than that of the V-thread. As will be seen from the 
accompanying figure, the thickness of the thread and the width of 
the spnce are made equal, in single-threaded screws, therefore the 
shearing thickness is greatly reduced, and consequently its strength 
is less than the V-thread. The durability is, however, greater 
than in any other form of screw, for there is a larger bearing sur- 
face presented in the best manner to resist pressure. 

■me Bounded Thread — This form is simply a modification 
of the square thread, in order to facilitate the quick engaging and 



Rounded Thread 

disengaging of a leading motion screw by its nut in machine 
tools, or where a screw has to be subjected to rough usage. Its 
efficiency and durability aie less than the square thread, but its 
strength is much greater, since the shearing thickness is greatly 
increased by the £Jlets at the bottoms of the thread. 

The Buttress Thread. — In such eases as the raising and 
lowering of heavy guns for the purpoaee of sighting and loading 
them, where the pressures are always 
in one direction, then tbis form of 
thread is adopted, because its strength 
is e. maximum, the loss due to friction 
is a minimum, and there is very little 
tendency to burst the nut. The 
efficiency is quite equal lo that of the 

pquare thread, although the durability Buttress Thhcad. 

is lessened by the fact that a certain 

amoimt of wear would diminish the depth of the thread. The 
strength is, however, nearly double, since the shearing thick- 
ness is double. It therefore possesses the advantages of the V 
and tbe square thread where pressures have to be applied in one 
direction. 

A slight modification of the buttress thread is used for wood 
screws. These bolts take a very firm hold of any mBterial into 
which they can be screwed. Consequently, they are used for 
screwing thick planks of wood together,and binding down pUtesor 
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other planks where vibration and stresses would start and lessen 
the grip of the ordinary V-thread. They are much used by ship 



Coach ob Wooj> Scbew wuji iSEiu-BuixiiEss TnaEAO. 
carpenters and erectors of light Rcafiblding, and . 
called holding-down bolts. 

Bight- and Left-hand Screws.^A right-hand screw, when 
being turned forward ot into a nut, rotates in a right-hnnded 
way or in the direction of motion of the hands of a watch, whereas 



Ram Hahded Screw 



a left-hand screw moves in the opposite or left-handed direction, 
as shown by the direction of the circular arrows in the above 
lignre. 

The Sorew-ooupling for Railway Carriages la a very good 
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Screw Coupling fob Railway Cakbiaqib. 



SCEEW-COUPLING FOR RAILWAY CARRIAGES. I 5 ^ 

example of the use of right- and left-hand screws. When two 

carriages are brought together, the free link hanging from the 

hook of one of them is placed on the hook of the other one. The 

porter then turns the central lever by rotating the ball in a circle, 

thereby screwing both the right- and the left-hand screws iuto 

t Jteir respective nuts, which consequently draws the hooks toward 

each other, and couples the carriages tightly together. 

Example. — If the pitch of each screw is W the length of the 

lever arm or distance from the axis of the screw to the centre of 

the ball is 14''; and if the railway porter pulls the ball with a 

force of 40 lbs. when the carriages are brousjht tightly together, 

what will be the tension on the screw threads ? 

2 2 
Answeb. — Here ^ = J" ; 6 = 2irR = 2 x — x 14" = 88" ; P = 40 lbs. 

The formula for the ratio of P to W in the case of a single 
screw given in this Lecture is 

P p ^ Px5 



.-. W = i^^" = 7040 1b8. 



• • 



But there are two screws, and for every complete turn made by 
P, the stress W would be moved through twice the pitch of one 
Hcrew or through 2 x J"=a i". 

„^ P X 6 40 X 88 
.% W = =' =3520 lbs. 

2/> I 

Note. — We may answer this question directly from the ** Principle of 
Work." Students should be trained to work out each question from Jirst 
prindpfea rather than from formulas ; for, by a too free use of formulae they 
are apt to lose sight of principles. 

Let the lever make one complete tum^ then each nut will advance along 
its cwn screw a distance equal to thepitch. Therefore the two nuts, and con- 
seqi e ttly the two carriages, will be brought nearer by a distance equal to 
ttoice the pitch, or, = 2 x p. 

By the principle qf u:or% and neglecting friction-^ 

Work got out = Work put in 
Or, • • Wx2p=Px2tR 

Px2tR 






W= 



2i> 



Or, . . . W=^^^^^%^^= 3520 lbs. 

2X4" 

dingle, Double, and Treble-threaded Screws. — As has been 
previously stated, both the etficieucy and the forward distance 
traversed in a single turn of a screw are directly as the pitch of 
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the thread, but the strength is proportional to the area of its cross 
section. Now, if for any purpose requiring a rapid movement of 
the nut or of a screw, the pitch must be increased ; and if the 
screw consisted of a single-threaded square one, where the depth, 
thickness of the thread, and the width of the groove are each 
equal to half the pitch, the strength of the shaft upon which the 
screw is cut would be unnecessarily reduced. If the groove be 
made shallower and narrower then two threads, with two spaces 
having the same pitch as the single one, can be cut upon it so as 
to present about the same area of bearing suiface to the pressure 
and at the same time afford quite as great a shearing thickness 
without interfering with the velocity ratio.* If a very great 
velocity ratio should be required, then three or more threads with 
corresponding grooves may be cut in the shaft and nut. 

Backlash in Wheel and Screw-Gearings. — Backlash is the 
slackness between the teeth of wheels in gear or between a screw 
and its nut. Suppose that two wheels aie in gear, and that you 
move one of them in a certain direction until it turns the other, 
and then reverse the motion ; if you can now move the pitch circle 
through, say, | inch, before the second wheel responds, this distance 
is the amount of backlash. In the same, way, suppose you turn a 
screw in one direction until its nut moves, and then reverse the 
motion, the angle or proportion of a turn which you can now 
make before the nut responds, is the backlash of the screw and its 
nut. If a great amount of backlash be present in wheel-gearing, 
it causes vibration and a disagreeable rattling noise ; and where 
severe stresses and sudden stoppages are common, the teeth are 
liable to be stripped. It can only be thoroughly prevented by 
cutting the teeth most accurately of the best rolling contact form 
by a tooth -cutting machine. All screws and nuts that are much 
worked are liable to backlash as they become worn, although when 
new they may have been very free from it, so that the best way 
of taking up the slack is to form the nut in two parts with flanges 
connected by screw-bolts, which may be tightened from time to 
time so as to take up the wear, and thus keep one side of the 
threads in one half of the nut, bearing hard against one side of the 
threads of the screw, and those in the other half against the other 
side. 

* I he screw of the fljpress, figured on p. 249, is a double-threaded one. 
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Lectuhb XIV.— QuESTioura. 

t. Explain how a screw is a combination of the lever and inclined 
plane, and illustrate your remarks. Find the theoretical advantage or 
ratio of W to P in the case of a screw of i inch pitch and 3*2 inches 
diameter ; if the lever or spanner key be 7 feet long. Aru. 528 : i. 

2. Given a cylinder and a sheet of paper of sufficient size to cover the 
cylindrical surface, show how you would trace an evenly pitched spiral or 
screw line on the cylinder. Mark on your sketch the pitch, circumference, 
and angle of the screw-thread. 

3. Trace a screw-thread line on a cylinder. Draw a triangle to repre- 
sent the pitch, circumference and angle of the thread, and show the 
diriection of all the forces on the supposition that there is a total pressure, 
Wlbs.| on the end of the cylinder acting parallel to its axis and balanced by 
a force, F lbs., acting at its circumference in a plane at right angles to the 
axis, with a total friction of F lbs. on the screw-thread. 

4. What are the essential characteristics of a screw-thread f Upon 
which of these do(i) the efficiency, (2} the strength, (3) the durability of a 
screw depend ? 

5. Sketch and describe all the forms of screw-threads which yon have 
seen in practice. State their representative advantages and disadvantages, 
and for which kind of work each kind is most suitable. 

6. Define the pitch of a screw. In the Whitworth angular screw-thread, 
what is the angle made by opposite sides of the thread ? To what extent 
is the thread rounded off at the top and bottom ? Distinguish between a 
iingle and a dovhU-threaded screw; in what cases should the latter be 
us^ 7 Why are holding down bolts made with angular threads ? 

7. Distinguish between a right-handed and a left-handed screw. Sketch 
the screw-coupling which is commonly used to connect two railway 
carriages, and explain the action of the combined* screws. If the pitch of 
each ^rew is | inch and the lever-arm from the axis of the screw to the 
centre of the ball is 12 inches, with what force will the carriages be pulled 
together by a force of 50 lbs. applied to the ball on the end of the arm ? 
Ans, 5028*5 lbs. 

8. Draw a single, double, and treble square-threaded screw to a -j^th 
scale, where the outside diameter of the screw-thread is 10 inches and the 
pitch 6 inches. Explain the advantages of using a double or treble thread 
instead of a single one for transmitting rapid motion against a considerable 
resistance. 

9. Why is the angular-threaded Whitworth or Seller's screw better 
adapted than the square, rounded, or buttress thread for the bolts which 
are used to bind pieces of machines, &c., together ? 

ID. What is meant by backlash f How may backlash be prevented in a 
fcrew« and in wheel gearing t 

II. Sketch the screw-coupling commonly used to connect together the 
carriages of a railway train^ and explain its action. With what force 
would the carriages be drawn together by the exercise of a pressure of 
50 lbs. applied to the ball at the end of the arm, supposing the pitch of 
the screw to be f-inch, and that the centre of the ball measures i foot from 
the axis of the screw 7 Friction is to be neglected. (S. and A. Exam. 
1893). Am. 502656 lbs. (v-3'1416). 
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Contents.— Efficiency, Sc.,o£a Combined Lever, Screw, and FalleyOeai — 
Eiample I. — Bottle Screw-Jack — Eiample II. — Trarereinft Screw- 
Jack — Screw Press for Boles — Screw Bench Vice— Example III — 
Endless Screw and Wcrm-Wheel — Combined Pulley, Worm, Wonn- 
Wheel and Winch Drum-Worm-Wheel Lifting Gear— Eiainple IV,— 
Questions. 

EfBciency, fto., of a Combined Lever, Screw, and Pulley 
Gear. — Construct an apparatus of the following description, 
having a homontal Whitworth V-screw of, say, p" pitch, with 
cylindrical ends and flanges supported by beaiiogB, so that the 
screw cannot move longitudinally, but with a nut free to travel 
from one end of the screw to the other, along a slide or guide 




Appabatps fob Deuokstiuting 

ErpiciBtJCi OB SCBEW Geab. 
Index to Parts. 
W represents Weight fo be lifted, j P repre= 



GP 

N 



Guide Pnlley. 
Nut. 



Full on pulley nipe 

Itadiusof puUej. 
Base or support. 
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which prevents it from turning round. Apply a force, P, to a 
Tope passed over the V-grooved pulley of radius, R, keyed to the 
end of the screw shaft, until it moves the nut with the hook, 
rope, and weight, W, attached thereto, ao shown by the aocom- 
panying side elevation, plan and end view of the apparatus.* 

Example I. — If the radius, R, of the turning-pulley be 12", the 
pitch, p, of the screw i", and the gross pull, P, required to lift a 
weight of JOG lbs. be 4 lbs. : find (i) the velocity ratio; (2) the 
theoretical advantage ; (3) the working advantage ; (4) the work 
put in to lift W I foot; (5) the work got out; (6) the percentage 
efficiency. 

A17SWBB. — We have got in this question all the necessary data required 
to find the various answers ezoept », the number of turns which the screw 
will have to tnake in order to lift W i foot. Since the pitch of the screw 
is i", each turn thereof will elevate or lower the weight i", according as it 
is turned the one way or the other ; consequently, if the screw makes 
12 turns, the nut and the weight will move through 12", therefore »=I2 
turns. 



* It is evident that, in addition to the friction between the screw and 
the nut, there is friction at the several bearings, at the nut slide, and in 
the bending of the ropes. Consequently, if the student were to place in 
wecession weights at W of, say, 10, 20, 30, 40 lbs., &c., and ascertain by aid of 
a Salter's spring balance (hooked into the rope which passes round the turn- 
ing-pulley), the corresponding pulls required to lift these several weights, 
and to plot down the results on squared paper with the weights as abscissaa 
and the pulls as ordinates, and then to draw a line through the inter- 
sections of the vertical and horizontal lines drawn through the correspond- 
ing values, he would obtain a characteristic curve for the friction of the 
machine as a whole. If he took the precaution to balance the initial 
friction of the machine (when there was no weight attached at W) by 
banging such a small weight at P as would just move the nut towards 
the turning-pulley, he would find upon repeating the above experiments 
(keeping the small additional weight on all the time) and replotting the 
results as now recorded by the spring balance, that the second frictional 
curve would approach much nearer to a straight line than the former one. 
In fact, its deviation therefrom would simply prove that the friction of the 
movable bearing surfaces was not directly proportional to the had. To 
arrive at the characteristic friction curve for the screw alone, he would 
liave to find out by trial the proportion of the several pulls applied, which 
were spent in overcominc^ friction at all other points except between the 
0crew and the nut. To those students who have the time and opportunity 
for carrying out experiments in applied mechanics, the apparatus iUustrated 
above will prove interesting and instructive. The figures are drawn from 
the machine constructed in the author's engineering workshop for the 
purpose of enabling his students to make similar tests to those suggested 
above. A square, or a rounded, or a buttress-thread may be substituted 
for the V Whitworth one, and sound information may thus be obtained 
about different forms of screws, which will make a stronger and more 
lasting impression on some students than by merely studying books. 
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By the principle of work : — 

•i ) Th» VdooUy Ratio - P"'^ dktonce in . turn of driving pulley 

W s distanoe m the same tune 

^^ _ 0^ of pulley _ 2irR _ 75 '4 

* * * pitch of screw p 1 

(2) The Theoretical Ad-\ _ Weight lifted if there were no friction 

van^tage . .1 PuU applied 

WT^2irR^75-4 
""P p "T" 

(3) The WarUng Advan- ) ^ ^ 100 lbs. ^ 25 

tage . . . J P 4 lbs. " 1 



(4) The Work Put into] p p 

lift W I foot . I -2^^^^ 



7 X 12 

(5) The Work Got out in\ ^^j , ,, , , .^ -, ,, 

^^' ram>H7Jri>o< } = W x i'- loo lbs. x I'-lOO It.-lba. 

^^^ ^^*^'^"^' ^^'1 = Efficiency x lOO 

Work got out 
Work put m 

100 ft.- lbs. __ ^ 

301-56 ft.-lbs. 

Bottle Screw-Jack. — The importance of the screw as a 
simple machine for exerting great pressures, is very well ex 
emplified by the screw -jackl This tool is used for replacing 
locomotives and railway carriages upon their rails, for elevating 
heavy girders into position, or for overcoming any great resistance 
through a small space which cannot be effected by a labourer and 
a lever. As will be seen from the accompanying figure it consists 
of a strong hollow bottle-shaped casting, with a projecting handle 
for facilitating the carrying of the tool from one place to another. 
In the upper end of the casting a square-threaded screw is cut 

* It is evident that with such a low percentage efficiency the weight 
when hanging from the rope will not be able to overhaul the machine. 
The stadent can calculate what pitch of screw would be required with the 
same co-efficient of friction before overhauling could take pla/^ 
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parallel with the axis, and into this nut there is fitted a, steel 

screw terminfl-ting ia a. spherical head, having two holes bored 

through it at right angles to each other. Into 

one or other of these holes an iron lever bar 

is fixed, BO that by pulling or pushing on the 

outer end of the bar the screw is turned, and 

thus the head is gradually raised from the 

base. To avoid the teariug, grindiag action 

that would ensue between the head and the 

object acted upon, the former is provided with 

a loose crown fitted ou a central pin projecting 

from the round head. 

Let L = Length of the lever arm in inches 
from centre of jack to where the 
force is applied. 
„ p = Pitch of screw in inches. 
„ P = Pull or push applied at radius L, 
„ W = Weight lifted or resistance over- 
Then, by the Principle of Work, and neglect- 
ing friction, we have in one turn of lever — 

P X its distance = W x its distance 
Or, Px 2wL = -W xp mviix SCBEW- 



.'. P = 



Zn-L 



ExAHPLE II. — A weight of 10 tons has to be lifted by a screw- 
jack, in which the pitch of the screw is ^". What length of lever 
will be required if a force of 70 lbs. be applied at the end of it ? 
(i) Neglecting friction ; (3) if the modulus or efficiency of the 
tool is only '4. 

Anbweb. — (i) By the previous formula (neglecting friction) 

L -•»Xf_ «W..-5">> _.j6o_;g.^g„ 

»0 
(2) Taking friction into account we see from the question that 
the efiiciency is = '4, therefore the percentage efficiency ia 40, or 
60 per cent, of the wc rk put in is lost work required to overcome 
friction between the ecrew and its nut. But as the length of the 
lever is directly proportional to the work put in, the theoretical 
length of the lever found above is only 40 per cent, of the actual 
or working length required. 



.'. 4o:ioo::2S-45-I^ 

40 
Traversing Sorow-Jaok. — It is very often convenient, when 
using a strong heavy acrew-jack, to be able to move the head a 
short distance to one side op the other, when near the abject to 
which it is to be applied ; or, after having raised a load with one 
or more jacks, to be able to traverse the jacks forward or back- 
ward through a short distance until the load is brought into 



Travebsinq Scrbw-Jagk with Hatch EI -Levbbs. 
(By P. & W. MacLellan, Glasgow.) 

the desired position. These movements may be effected with a 
jack of the form shown by the accompanying figure. Further, 
this jack is provided with a side foot-step attached to and pro- 
jecting from the lower end of the vertical screw. This foot-step 
can be placed under the flange of a low beam or rail, where it would 
be inconvenient or perhaps impossible to get the top head under^ 
neuth the isame. The nut of the horizontal traversing screw is 
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formed in, or fitted to the bottom of the vertical caatiDg, and this 
acreir is turned by a ratchet-lever which may be slipped on to one 
or other of the squared ends of it« shaft. The upward and down- 
ward movement of the vertical screw is also affected by a ratchet- 
lever, and in this case without turning the screw, for the ratchet- 
wheel is fixed to the nut of its screw. The pawl of the ratchet 
may be lotted on one side or the other, so as to enable the ratchet- 
wheel and the vertical screw-nut to be turned round in either 
direction for elevating or lowering the load. 

Sorew Press for Balea. — When soft goods or hay have to he 
transported they may be squeezed into email bulk by means of a 



SCREW Feess fob Bales. 
(Bj London Bros., Glasgow.) 
screw press, and bound firmly when under the press, by strips oF 
boop-iron pafised round them and then riveted before the preesure 
in relieved. The hound bundle is then termed a bale. The 
operation will he understood by an inspection of the accompany- 
ing figure. The loose material is placed in the space between the 
rigid base and the movable plate of the press, the doors are dosed 
and locked, the pressman applies himself to the end of the lever 
with a force, P, thereby turning the nut of the screw and forcing 
the movable plate downwards with a pressure, W, until the 
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desired compreBsioa of the goods has been att^ed The doors 
are theo opened and the strips of hoop iroQ (vrbich were previously 
or are now placed in the grooves of the base and upper plats) are 
brought together and riveted. The lever is then turned in the 
opposite direction to relieve the pressure, and the bale is removed 
to the store or ship to make room for another quantity of goods 
being subjected to a similar action. 

The same formula aa we used for the screw-jack and for 
Example I. in connection with the combined lever, screw and 
pulley gear, natui ally applies to this prcFS, and to any sixailar 
appliance, such as a letter-copying press.' 

Screw Bencb Vice. — A bench vice is essentially an instrU' 
ment for seizing and holding firmly any small object whilst it is 
being acted upon by a chisel, file, drill, saw, or emery cloth, £c. 
Looking at the figure which illustrates the following example, it 
will be seen that the vice is a combination of two levers, a square- 
threaded screw, and a nut. The object to be gripped is placed 




End View. Side View. 

SoKBW Bench Vice. 

between the serrated jaws JJ. The lever handle H, on being 
turned, forces the screw S into its long nut, and thereby presses 
forward the outer jaw upon the object, by aid of the flange on the 
screw-liead. This jaw is a lever, having a fulcrum at F, and there- 
fore the pressure on the object is less than that on the screw- 
coll&r in the proportion of SF to OF. The bent flat spring 
between the limbs of the fixed and movable jaws serves to force 
the movable jaw away from the fixed one when the screw is turned 
backwards, and thus relieves the object without having to pull 

* Refer to page 249, where the fllnstratloD of the Flj-preaa occnrs. 
The btatical pressuies pro<luceil bj tbia machine wLea naed for pnncbiDg 
bolea, &o,, maj be tieateil in the saiae waj>. 
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this jaw back by the hand. It will be observed that the fix^d 
jaw should have been continued to the floor level by a vertical 
supporting leg, in the case of such a big vice intended for rough 
heavy engineering work. 

ExAMPLB III. — Sketch an ordinary bench vice. Apply the 
principle of work to And the gripping force obtained when a man 
exerts a pressure of 20 lbs. at the end of a lever 18 inches long, 
the screw having four threads per inch, the length from the 
hinge to the screw being 18 inches, and the length from the 
hinge to the jaws being 24 inches. (S. <& A. Exam. 1892.) 
Answeb. — I^t P represent Pull on end of handle H «= 20 lbs. 
„ Q „ Resistance offered by screw at S. 
„ R ,, Reaction, or gripping force, exerted 

on object at O. 
„ L „ Length of handle 11= 18 inches. 
„ p „ Pitch of screw S = J inch. 
Suppose the handle, H, to make one complete turn under the 
action of a constant force, P, at the extremity thereof, against a 
oorutcmt resistance, Q, acting along the aios of the screw. 

[The student will obserye that we suppose the forces P and Q to be con- 
ttantf which is not correct for such a large movement as a complete turn 
of the handle, but which may be assumed here for the sake of simplicity. 
The reason for this is, that the resistance, R, will vary with tlie com- 
pression produced on the object at O. However, the rcitio between P 
and B will remain a constant quantity.] 

The work done by P during one turn of handle = P x 29rL. 
And „ on Q during the same time s Q x/?. 

But, by the Principle of Work — 

Work done % P = Work done on Q 

,•. PX 27rL = Qxj9 

Substituting the 
numerical values — 

20X 2x^x i8" = Qxi" 
7 

^ 20x2x22x18x4 ,, 

.•. Q = -^ = 905^*43 »be. 

7 
But by the Principle of Moments — 

RxFO = QxFS 

...R=1?xQ=3q 
24 4 

M., R=- X 9051-43 = 6788*57 11?9. 
4 
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Endless Screw and Worm- Wheel.* — When a screw is 
rotated between fixed bearings so that it cannot move longi- 
tudinallj, it is called an endless screw^ because the threads of the 
screw seem to travel (mwards without eDding.f When suck a 
screw gears with a toothed wheel, having its teeth set obliquely 
at the same angle as the threads of the screw so as to bear evenly 
thereon, the wheel is termed a worm-wheel. The endless screw is 
sometimes called the worm^ no doubt from its resemblance to that 
well-known humble animal which, when coiled up for rest, would 
not turn upon any one unless trod upon. 

By this arrangement, motion may be transmitted from one shaft 
to another at right angles to each other, without any possibiHty 
of the machine overhauling ; for although the velocity ratio is very 
great, the efficiency is comparatively small — considerably under 
50 per cent, with single-threaded screws — owing to the friction 
between the worm and the wheel. { 

It is most important for the student to comprehend that if the 
screw be a single-threaded one, U must make as many tv/ms us there 
an'e teeth on the wheels for efoery revdiUion of the latter. If the 
screw is a double-threaded one^ then for each revolution thereof it 
drives the wheel through a distance equal to the distance between 
two teeth on the pitch circle, and if treble-threaded through the 
pitches of three teeth. Thus, if N equal the number of teeth in 
the worm-wheel, then, with a single-threaded screw, for every 

turn of the same, the wheel will move a distance of ^ ; with a 

double-threaded worm ^, and with a treble-threaded one ^ 

and so on. 

The endless screw and worm-wheel is used in a very great 
variety of- circumstances, from the turning of a big marine engine 
when in port, to the delicate movements in a telescope or a micro- 
scope. 

Combined Pulley, Worm, Worm-wheel and Winch 
Drum. — This combination is shown by the accompanying end 
and side views drawn from an experimental piece of apparatus iL 

* Refer to the next figure. 

t The term perpettuil screw wonld express more exactly its action, f 01 
when in motion, it continually screws tne worm-wheel round. 

t The greater the diameter of the screw and the smaller its pitch is, the 
better will be its bearing on the teeth of the wheel, but then the efficiency 
will be so small that there will be no chance of overhauling. This is the 
condition to be observed when the screw is intended to drive the wheeL 
If, however, it should be required to drive the screw by the wheel, or 
necessary that overhauling should take place, then the sorew must be small 
in diameter, its pitch very great, and either double or treble threaded. 
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the Author's Laboratory, which is used by the students for ascer- 
taining the efficiency of the machine, and for finding the co-efficient 
of friction between the endless screw and worm-wheel. 





End View. Side View. 

Pulley, Worm, Wobm-whebl and Winch Dbum. 

• Index to Paets. 



P represents Pull applied to 

pulley. 
R „ Radius of pulley. 

Wm „ Worm or endless 

screw. 
Worm wheel. 



WW 



>i 



N represents Number of teeth in 

WW. 
D „ Drum, or diameter of 

winch barrel. 
r „ Radius of drum, D. 

W „ Weight to be Ufted. 



By the Principle of Work (neglecting friction), if the drum, D> 
makes one turn, and if the worm be a single-threaded screw, 

P X its distance = W x its distance 

Or, Px27rEN = Wx27rr 

(divide both sides by 2ir) 

PxRN = Wxr 

W"RN 






* It will be evident to the student that, given any four of these five 
values, he can change this formula so as to find the fifth one ; and, that 
be can experiment with this machine in precisely the same way as has 
been already explained in the case of the wheel and axle, block and tackle, 
Weston's pulley block and screw, &c., to ascertain its working advantage, 
co-efficient of friction and efiiciency. 
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Worm-wheel Lifting Gear. — The accompanying figure 
fihowB a practic.1l application of the endless screw and worm- 
wheel (or the same purpose as the Weston's differential block is 
used — viz., the lifting of -weights without fear of the tackle over- 
hauling. A light -driving endless chain paseeti 
J -». over a V-grooved pulley having ridges or teeth 

M OD the inner sdes of the grooves, so as to fit 

^ , the pitch of the links of the chain. This 

4 pulley is keyed to the outer end of a worm 

5 spindle, whose screw gears with a worm- 
!§ wheel fixed to or cast along with a second 
£• V-gTOOved ridged pulley or drum, over which 
"' is passed the movable end of a heavier lifting 
fi chain after it has been reeved under a snatch- 
I block pulley. In fact, it is simply the previous 

experimental apparatus in a ha^dy and com- 
S pact form. 

1 Example IV.— If in lifting teckle of tJw 
•d above description the driving pulley has a 

radius il = 5", the number of teeth in the 
g worm-wheet N = 20, and the driven pulley a 

g radius r = ^"; what weight suspended from 

Z the snatch-block hook could be lifted by a 

g force of 10 lbs. applied to the forward side of 

^ the light chain — (i) Neglecting friction, {2) if 

the modulus or effidency of the whole appa- 
ratus were only "25 ^ 

Answer. — (i) Applying the previous formula, and taking 
account of the fact that the lifting chain is combined with a 
snatch-block, we have — 

W.2?i^i^-^-iI£i»ii5.400.b.. 

T ^ 

(2) Owing to friction, weight of chain and snatch-block, the 
actual result obtainable is only '25, or 25 per cent, of this tbeo- 
retioal value; consequently 
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Leoturb xy.— Questions. 

1. A horizontal screw, of I inch pitch, is fitted to a sliding nnt which is 
piQled liorizontallj by a cord passing over a fixed pnlley, and having a 
weight, W, attached to it. To the free end of the screw there is fixed a 
pnllej of 20 inches diameter, from the clrcnmf erence of which a weighty 
"?, hangs by a cord. Find the ratio of P to W. Aru. i : 62*8. 

2. In a set of combined lever, screw, and pnlley gear, like that illustrated 
before Example I. in this Lectare, B = 6", P = 2 lbs., W = 50 lbs., and 
the pilch of the screw is snch that there are 2 threads to the inch ; find ( i) 
velocity ratio, (2) theoretical advantage, (3).working advantage, (4) work put 
in to lift W I ft., (5) work got out, (6) percentage efficiency. Aru, (i) 75*4 : i ; 
(2) 75*4 : I ; (3) 25 : i ; (4) 150*8 ft. -lbs. ; (5) 50 ft.-lbB. ; (6) 33*1 per cent. 

3. Describe, with sketches, the construction of an ordinary lifting jack 
in which the weight is lifted by means of a screw and nut. If the screw 
be I inch pitch, the lever 20 inches long, and the pressure applied at the 
end of the lever be 30 lbs. ; what weight can be lifted (neglecting friction) f 
(Take «■ = 3*1416.) (S. and A. Exam. 1890.) Ana, 277o lbs. 

4. In a screw-jaekf where a worm-wheel is used, the pitch of the screw is 
I inch, the number of teeth on the worm-wheel is 16, and the length of 
the lever is 10 inches ; find the gain in pressure. Ans, P : W : : i : 1069. 

5. What practical objection is there to the use of screw gear of any 
description for obtaining great pressure ? Take for example the case of 
the screw-lifting jack. Sketch in vertical section and plan, and describe, a 
traversing one to lift say 20 tons. Explain how the screw of the jack is 
raised and lowered without being turned round. 

6. Sketch and describe the construction and action of a screw press for 
pressing goods so as to make them into bales for transport. What force 
must be applied at the end of a screw press lever 8' 4" in length, in order 
to exert on the goods a total pressure of 22,000 lbs. when the pitch of the 
screw is i" ? If 60 per cent, be lost in friction, what pressure would result 
from the application of this force on the lever? Ant. 35 lbs. ; 8800 lbs. 

7. Sketch an ordinary bench vice. Apply the principle of work to find 
the gripping force obtained when a man exerts a pressure of 15 lbs. at the 
end of a lever 15 inches long, the screw having 5 threads per inch, the 
length from the hinge to the screw being 12 inches, and the length from 
the hinge to the jaws being 16 inches. Am, 5303*6 lbs. 

8. Eiq>lain, with a sketch, the manner in which the principle of work is 
applied in determining the relation of P to W in the case of the endless 
screw and worm-wheel The lever handle which works the screw being 
14" long, the number of teeth in the worm-wheel 20, and the load being a 
weight of 1000 lbs. hanging upon a drum 12" diameter on the worm-wheel 
shaft, find the force to be applied at the end of the lever handle in order 
to support the weight. (S. and A. Exam. 1887.) -^'^^ 2i'43 ^^s> 

9. Explain the mechanical advantage resulting from the employment 
of an endless screw and worm-wheel. The lever hancUe which turns an 
endless screw is 14" long, the worm, which has 32 teeth, and a weight, W, 
hangs by a rope from a drum 6" diameter, whose axis coincides with that 
of the worm-wheel. If a pressure P be applied to the lever handle, find the 
ratio of P to W. (S. and A. Exam. 1883.) Ans, P : W : : 3 : 448. If in 
this question the worm be changed to (i) a double, and (2) a treble- 
threaded screw, what will be the respective ratios of P to W? Ans. 

(1)1:74-6; (2) I! 49*7. 
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10. Describe, with the aid of a sketch, how the pressure upon the book 
is obtained in an ordinary copying press. What should be the length of 
the double ended lever, supposing that the power is always applied simul- 
taneously to both ends of the lever, in order that with a screw having 
6 threads to the inch, the combination may have a mechanical advantage 
of 216 7 (8. & A. Exam. XS96.) 

11. Sketch in vertical section the common screw or bottle lifting jack. 
The lever in such a jack is; single ended, and measures 24 inches in lengthy 
the pitch of the screw is j inch. What force applied at the end of the 
lever would be required to raise a load of 22 cwt., the effect of friction 
being neglected? (S. & A. Exam. 1895.) 

12. Describe, with a sketch, the construction of an ordinary screw-jack 
with a lever handle and screw.. If the pitch of the screw be ] inch, the 
length of the lever handle 29 inches ; what load could be lifted, neglecting 
friction, by a force of 19 lbs. applied to the end of the lever hajidle ? 
(S. & A. Exam. 1894.) 

13. Describe either a screw-jack (pitch of screw }', handle 19 long) or a 
simple winch for lifting weights up to z ton by one man. What is the 
mechanical advantage neglecting friction? Describe what sort of trial 
you would make to find its real mechanical advantage under various loads, 
and what sort of result would you expect to find ? (S. & A. Exam. 1897.) 

14. The diameter of the safety valve of a steam boiler is 3 inches. The 
weight on the end of the lever is 55 lbs., and the distance from the centre 
of the valve to the fulcrum is 4*5 inches. What must be the length of the 
lever from the centre of the valve to the point of suspension of the weight, 
in order that the valve will just lift when the pressure of steam in the 
boiler is 80 lbs. per square inch ? Neglect the weight of the lever and the 
vilve. (S. & A. Exam. 1896.) 
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LEOTUEE XYI. 

COKTBNTB.~Goneval Idea of the Mechanism in a Screw-cntting Lathe^ 
Motions of the Saddle and Slide Rest — ^Velocity Ratio of the Chan^€ 
Wheels — Rules for Galcolating the Reqaired Number of Teeth in 
Change Wheels — Examples I. II.— Movable Headstock for a Common 
Lathe — Description of the Screw-cntting Lathe in the Author's Elec- 
trical EDgineering Workshop, with a complete set of Detail Drawings 
— Questions. 

Oeneral Idea of the Mechanism in a Screw-outting 
Lathe. — We will devote this Lecture to giving a general idea of 
the mechanism by which screws are cut in lathes, and the velocity 
ratio of the screw to be cut to the leading screw, together with a 
description of a complete set of illustrations prepared from work- 
ing drawings of a new self-acting screw-cutting lathe. 

Referring to the following figure, and to the general view of the 
6-inch centre screw-cutting lathe (further on), it will be seen that 
the round metal bar on which the screw is to be cut is placed 
between the steel centres of the fixed and movable headstocks of 
the lathe. This bar has an eye-cutch on its end next to the fixed 
headstock, which engages with a driving-stud connected to the 
face-plate. In order to obtain the necessary force to cut the 
screw, arid to reduce the speed of the workshop motion shafts (in 
the case of a power lathe, or of the treadle shaft in the case of a 
foot lathe) to the required velocity, the fixed headstock is sup- 
plied with back motion gearing. The back wheels may be put 
into or out of gear with the lathe spindle wheels at pleasure, by a 
simple eccentric motion (in the case of the lathes herein illus- 
trated), or, as is sometimes effected, by sliding the back shaft 
forward, so that its wheels clear those on the lathe spindle, and 
then fixing it there, by a tapered pin fitting through a hole in the 
framing and a groove cut in the shaft. But, when the back 
motion is required for the purpose of making a slow heavy cut, 
the follower F, is thrown out of gear with the stepped cone 
pulley, so that the driver D^ (which is keyed to the cone) may 
turn the follower Fj ; and the driver D, fwhich is keyed to the 
same spindle as F^) rotate the follower F, (which is keyed to the 
lathe spindle), and hence revolve the face-plate and the bar, out of 
which the screw is to be formed. 



MECHANISM IN A SCREW-CDITING LdTHB. I/j 

Oa thd back extensioii of the lathe epindle there is fixed a 
^hcDge wheel or small driver, d, which geara with a follower, y 
^ejed to the left-baud end of the leading or parent screw), either 
direct in the cose of the cutting of a ver; finely pitched left- 
handed screw; or, through the intervention of a transmitting, or 





End Views Showinq Change Wheels. 

Fob Biobt-Handbd Scbsws. Fob Lbft-Handbd Screws. 

Gbhbbal Idea of Mbchahibh in a Scbbw-cutting Lathe. 

Index to Pabts. 

F|, F, represents Followers of Sied 
beadstock. 
d,f , Driver and fol- 

lower of change 



SC represents Screw to be cut, 
or child. 

L3 „ Leading screw, 

or parent. 

SR „ Slide rest. ' 
D„ D, „ Drivers of flxed 



beadstock. 



IF 



of 



what is technically termed an idle, pinion, IP, in the case of a 
medium-pitched right-hand screw. (See also the end views of the 
change wheels above.) 

It will therefore be seen that there are two independent motions 
to be considered — (i) the reducing gear from the speed of the 



1 76 LKCTURB XVL 

driving oone to that of the lathe-spindle or bar to be operated 
upon; and (2) the multiplying or reducing gear between the 
lathe-spindle and the leading screw. The former of these will be 
at once understood from the figures, and from what was said in 
regard to wheel-gearing in Lecture XII. 

We shall now consider the second motion. Remembering that 
the pitch of the parent or leading screw is fixed and unalterable, 
and that on its truth depends to a large extent the accuracy with 
which the chUd, or screw to be cut, can be formed, it will be clear 
that we have only to connect these two parallel shafts with suit- 
able gearing in order to transmit, by aid of the " copying prin- 
ciple " the characteristics of the parent to the child.* This may 
be done in an equal or magnified or diminished degree, according 
as the pitch of the screw to be cut is equal or greater or less than 
that of the leading screw. 

Motions of the Saddle and Slide Best. — ^The base of the 
slide rest, or the saddle as it is technically termed, bears upon and 
is guided by the truly-planed shears (or upper framing of the lathe) 
parallel to the line joining the centres of the fixed and movable 
beads. In turning a right-handed screw the saddle is moved ^om 
the movcMe headetock UruxMrda the fioced one, or from right to ^, by 
clasping it to the leading or guiding screw with a split nut attached 
to the under side of the saddle. In cutting a left-handed screw 
the saddle is moved by the same means, but in the opposite direc- 
tion, — 1.6., from left to right. In other words, it travels in the direc- 
tion towards which the threads of the screw to be cut are inclined 
forward. 

To the upper side of the saddle is bolted the slide-rest sur- 
mounted by the tool-holder. The rest is provided with two in- 
dependent sliding motions, each actuated by a hand-turned screw, 
and guided by a true plane surface with dovetailed sides. These 
motions (for the purposes of turning parallel work and screws) 
are fixed at right angles to each other, the lower one being 
parallel to the centre line of the lathe, and the upper one at right 
angles thereto. Both motions are therefore independent of each 
other and of the sliding motion of the saddle. The turner is 
thereby enabled to adjust the cutting tool with great delicacy and 
accuracy with reference to the job to be operated upon, irrespective 
of the automatic travel of the supporting saddle. 

Velocity Batio of the Change Wheels. — As has been men- 
tioned already, the change wheels are interposed between the 

* It is reported that Sir Joseph Whitworth, feeling the importance of a 
thoroughly true leading acreWf spent an immense deal of money upon the 
scrapinff and finishing of a parent screw for a first-class lathe, froDx which 
many of the best screws in this coontry have been copied. 
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back end of the lathe spindle and the leading screw, for the pur- 
pose of transferring motion to the saddle, and determining, that 
the catting tool shall be moved through a definite pitch for each 
rotation of the cylinder to be turned or screwed. Every turn of 
the leading screw moves the saddle and cutting tool through a 
distance equal to its pitch, and consequently if the bar to be 
screwed, turns at the same rate as the leading screw, the pitch of 
the screw cut upon it, will be the same as that of the leading 
screw. If it moves faster than the leading screw, the pitch will 
be less; and if slower, the pitch will be correspondingly greater. 
It therefore follows as a matter of course, that if we fit wheels on 
the lathe spihdle and on the leading screw of the same diameter, 
or having the same number of teeth, the screw being cut will 
have the same pitch as the leading screw. If we fix a small 
pinion, or one with few teeth, on the lathe spindle and a wheel of 
large diameter, or many teeth on the leading screw, the pitch of 
the screw to be cut will be small, compared with that of the leading 
screw. Or, if the number of turns per minute of the leading 
screw be greater than that of the screw being cut, the pitch of 
the latter will be greater than that of the former, and vice versdJ* 

Bules for Calculating the Bequired 19'umber of Teeth 
in Change Wheels. — ^The following rules simply express the 
previous reasoning in the form of proportion. In applying them, 
the student should again refer to the end views of the change 
wheels in the first figure of this Lecture. 

Pitch ofscrey) to he cut^ No, of teeth in ut driver x No, in 2nd driver. 

Pitch of guiding tcrew No, of teeth in igt follower x No. in 2nd follower. 

Let p^ i* Pitch of screw to be cut in inches, or fraction 0/ 

inchy between two threctds. 
„ p^ ■= Pitch of guiding screw „ „ „ 

„ d^, d^ SB Diameters or number of teeth in drivers. 
„ ^1,/, = Diameters or number of teeth in followers. 

Then. ^=^'. 

Or, P<»x/,xy, = p^xc?jX<l, 

* What was said in Lectures XII. XIII. and XIV. enables the student to 
see clearly the velocity ratio between the cut screw and the leading screw. 
We need scarcely remind the student that the above statements refer to 
the pitch of a screw as the distance between two conseciUive threttds, and not to 
the number of threads per inch. If the number of threads per inch of its 
length are taken as the pitch, instead of the distance between two threads, 
the reverse ratio will hold good. Since a pitch of J" means 4 threads to 
the inch, a pitch of i" means 3 threads to the inch, and a pitch of ^" means 
2 threads to the inoL Or, the number of threads per inch is inversely 
proportional to the distance between two consecutive threa«lH of the screw. 
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When the train of wheels is a compound one, as in this case, the 
two intermediate multipl3dng or reducing wheels, f^ and d^ are 
fixed to any outstanding movable arm or quadrant at the left-hand 
end of the lathe, so as to bring them into gear with d^^ and /,. (See 
second view of the previous figure.) 

Ifikb Wain of uoheeU is a simple one, as in the first, third, and 
fourth views referred to above, where there is only one driver, d, 
and one follower,/*, with, when necessary, one or more idle pulleys, 
IP, simply for the purpose of connecting d and /and of giving / 
the desired direction of rotation, then— - 

^^-j,t or p.x/^p^xd. 
Pi J 

Should the pitch of a screw be expressed by the number of 
threads per inch of its length — ^as is usually the case in tables of 
screws and change wheels — then you can either convert this 
number into the pitch proper, by taking its reciprocal — (t.«., by 
making the number of threads per inch the denominator of a 
fraction, with i for the numerator) or you may say — 

Let ^^B Threads per inch of screw to be cut. 
„ «^r. Threads per inch of guiding screw. 

Then, since the number of threads per inch are inversely 
proportional to the distance between any two consecutive threads, 
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Example I. — ^The lathe illustration further on, has a guiding 
screw of ^^ pitch, or 4 threads to the inch. Calculate the 
number of teeth in the change wheel to be fixed to the end of the 
guiding or leading screw in order to cut a screw of 8 threads to 
the inch when the driver on the lathe-spindle has 40 teeth. 

Compare the answer with the change-wheel table printed above the 
general view of the screw-cutting lathe, further on in this Lecture. 

Answbb. — Here tc = S ; t^ -= 4 ; (/ = 40 ; and you are required 
to find /. 
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By above formula, 

i? - / ; or, ?. - Z .•./- ?-Ji-4?_» 80 teeth. 
tg d 4 40 4 

By using the previous formula, we have p^ = J" and p^, = J" 

... ^ = ^; or, i = ^ .-. / =1440^8x40^3^ ^^^^^ 
Pff J if 4 4 

It is at once evident from this example that you avoid having to 
multiply and divide by sometimes awkward fractions if you 
consider the number of threads per inch as the measure of the 
pitch of the screw, instead of the distance between two threads. 

Example II. — ^The guiding screw of a lathe is ^^' pitch, and 
you are required to cut screws of ^" and ^\y" pitch respectively. 
Determine the number of teeth in the follower, given the use 
of a driver having 20 teeth. 

Answeb. — For a screw of -^^ pitch, or 10 threads per inch, and 
using a driver of 20 teeth, we get by the above formula for a 
simple train, 

h.^ f' or E2=£5x — = 1^=Z 

tg 'd^ ' 2 2 ID 20 6^ 

For a screw of ^^^ pitch the number of threads per inch will be 
20, and using a driver of 20 teeth, we find from the formula 
for a compound train — 



«. _ /i X /, 




tg di X d, 

, 20_4X5_8ox 100 
2 1x2 20 X 40 


rf, X d. 



Here we multiplied numerator and denominator by 20, in order to 
obtain suitable wheels, of which d^ will have 20 teeth. (See in 
the previous figure the second of the end views showing change 
wheels.) 

Movable Headstock for a Coniinon Lathe. — Before 
describing a complete screw-cutting lathe we will explain the use 
and construction of this part of a common small lathe for ordinary 
work. As will be seen from the accompanying rough sketch, it 
consists of a cast-iron poppet-head planed on its under side, so as 
to engage the breadth of the top of the shears. It may be bolted 
thereto in any desired position (along the length of the bed) by 
an underneath iron plate placed across the shears, and a single 
vertical bolt. The upper portion of the head is cylindrical, and 
is bored for about seven-eighths of its length to receive a round 
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hollow steel mandril, M, and for the remaining one-eighth to 
receive the spindle S. The mandril is fitted in front with a 
tapered centre, C, and behind with a screw nut, N". The centre 
is for carrying one end of the job to be operated upon by the 
turning tool, and the nut is for engaging the screwed part of the 
spindle S. On the back end of the spindle there is a collar, c 
(kept in position by a larger collar or guard, G, with small screws), 
and a hand-wheel, HW.* Consequently, by turning this wheel in 




H.W 



Movable Hbadstock fob a Common Lathe, 



one direction the mandril and its centre are forced forward, and 
when moved in the opposite direction they are screwed backwards. 
To prevent the mandril turning round, it is fitted with a longi- 
tudinal slot on its underside, into which fits the flattened or 
rounded end of a small screw, 8, A fixing stud, FS, with a 
handle, enables the mandril to be clamped to the head when it 
has been adjusted by the hand wheel and screwed spindle. 

Description of a Screw-cutting Lathe. — By the favour of 
Messrs. John Lang & Sons we are enabled to give a general view, 
with a complete set of reduced working drawings, carefully 
indexed to every detail, of the very strong and superior 6-inch 
centre screw-cutting lathe, lately presented to the Author's Elec- 
trical Engineering Laboratory and Engineering Workshop by 
Mr. Andrew Stewart, of Messrs. A. & J. Stewart, and Clydesdale. 
This lathe weighs, with all its chucks and supernumerary parts, 
over 15 cwt. It has a bed 6 feet long, and admits a bar 3 feet 

* This arrangement of collar and gnard is neither good nor strong, 
although frequently adopted in the case of small foot-lathes. The collar 
should be inside the bored head, behind the nut N. 
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2 inches between its centres. The bed is g^ inches broad and 
6 J inches deep. The gap is 9 inches wide and 6 inches deep ; 
consequently the lathe can swing a job of 20 inches diameter clear 
of the leading screw, and one of 24 inches diameter when this 
screw is withdrawn from its bearings. The speed-cone has three 
pulleys, each 2 J inches broad, the diameter of the largest being 
8 inches and that of the smallest 4 inches. 

The makers have planed and scraped the bed to a true bearing 
surface, and have so fixed the gap piece that it cannot wear loose 
or spring the bed. 





End Vihw. 



Longitudinal Section. 



Movable Headstock op Scrbw-cutting Lathe. 

Index to Paets. 



BP represents Bottom part. 
TP „ Top part. 

S „ Spindle, or mandril. 
SG „ Steel centre. 
SS „ Steel screw. 
HW „ Hand wheel. 



BH represents Binding handle. 
AS „ Adjusting screw. 
ES „ Eccentric spindle. 
EH „ Eccentric handle. 

B „ Bolt for clamping. 

P ,, Plate under B. 



The moTXible or loose headstock is gripped to the bed by an 
eccentric motion worked by a handle, so that it may be instantly 
clamped in position without the trouble of finding a key to fit 
the usual nut, and then screwing it gradually home. The upper 
part of this head, which carries the mandril or spindle, has a side 
adjustment by means of a side screw, whereby the steel centre 
maybe truly aligned with the corresponding: centre, of the fast 
headstock, or it may be moved to the one side or to the other in 
the case of taper turning. A small oil-holder is cast on the back 
side of the head to facilitate the oiling of the steel centre without 
having to look for an oil-can. 
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The spindle of the fast headstock is-made of hard crucible steel 
ground accurately cylindrical, where it fits into parallel gun- 
metal bearings. These beaiings are of extra diameter and length. 
This spindle is bored hollow for 12 inches of its length, in order 
to admit small rods for making terminals and screws in electrical 
engineering work. The speed-cone is turned inside and outside, 
and properly balanced. A specially strong and simple reversing 
gear has been fitted to the back end of this headstock, whereby 
the machine-cut steel pinions for turning right and left hand 
screws may be put into or out of gear by simply depressing or 
elevating a reversing handle. The hack-motion gear is actuated 
by means of a handle and eccentrics on each end of the back- 
motion shaft ; whilst the front wheel (or last follower, F„ as we 
have symboUed it in the formula) is locked to the cone or thrown 
out of gear therewith in the usual way — viz., by a bolt fitting 
into a sliding slot in the cone and a projecting nut on the side of 
the toothed wheel. 

The saddle has T slots on its upper side for the purpose of 
bolting work to it that requires boring out, and which necessitates 
the removal of the slide rest. A quick hand traverse motion is 
provided for the saddle by means of a rack and pinion motion, 
quite independent of the sliding motion of the leading screw. 
The leading screw is turned to the standard pitch of \ inch, or 
four threads to the inch. The engaging nut is made in halves, 
so that it may grip the leading screw fairly at the top and bottom 
of the threads.* 

* In order to make the construction and action of the split nut which 
engages the leading screw 
clearer, we show here an en- 
larged view with the halves of 

the nut, N^ >^N, slightly 

apart, and the disc handle re- 
moved, so as to bring into 
full view the two eccentric 
slots, ES, which guide the two 
steel pins, P and P, fixed on 
N and N. By comparing this 
view with the others under 
heading "Saddle and Slide,'' 
the student will see how, by 
merely turning the disc handle 
DH the disc D is moved round 
through nearly a quarter of a 
circle, and the eccentric slots 
ES cause the pins, P, P, to 

move closer to or further away Bnlabgbd View op Split Nut pob 
from the centre of the disc D, Leading Scbbw, &c 

and consequently move the 
two parts of the nut, N, N, in or out of gear wiih the leading screw. 
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A eofnpotmcZ dide reH is fitted to the top of the saddle, having 
large bearing surfaces with adjustments for taking up the wear, 
and a swivel arrangement for conical boring. 

AU the toothed wheeUy including the change-wheels, have had 
their teeth cut directly from the solid casting, by the makers' 
special tool for that purpose, so that back-lash, and consequently 
noise and vibration arising from fast-speed driving may be mini- 
mised as far as possible. 

The driving shaft has anti-friction steel roller-bearings. It is 
connected to the foot-treadle at each end by a pulley, chain, and 
crank. The driving-cone is so stepped that the belt has equal 
tension on any corresponding pair of driving and driven pulleys. 
It is sufficiently heavy to act as a fly-wheel. It is balanced along 
with the treadle to secure an eagfy, steady drive. A power-drive 
may be applied if desired, but the author believes that, as students 
should work in pairs or in sets of three in a laboratory, they will 
take a deeper interest in their experiments if they have turned 
out everything by their own skill and labour, than if motive power 
were freely supplied to them. 

Of heavy chucks there are a very complete set, including a four- 
jaw expanding chuck, elements driver, drill chucks for both the 
fast and loose head spindles, <kc. 
, The student sbould now go over each drawing most carefully 
y, by aid of the corresponding index to parts, and compare the 
:. drawings with an actual screw-cutting lathe. 



LECTURE XVI. — QUESTIONS. 1 89 



Lbctubb XVI.— QuestionBu 

1. Sketch the fast headstock of a double-geared lathe, and explain the 
contrivance for increasing or diminishing the speed of the mandriL In 
the headstock of a lathe a pinion of 20 teeth drives a wheel of 60, and a 
second pinion of 20 drives another wheel of 60 ; compare the rates of rota- 
tion of the first driving pinion and of the mandril of the lathe. An$. i : 9. 

2. Why is a lathe often back-geared 7 Sketch a section through the 
headstock showing the arrangement. If the two wheels have 63 and 63 
teeth respectively, and each pinion has 25 teeth, find the reduction in the 
velocity ratio of the lathe spindle due to the back-gear. (S. and A. Exam. 
1891.) Ans. 6.35 : 1. 

3. Make a vertical longitudinal section through the movable or loose 
headstock of a lathe, showing precisely the manner in which a screw and 
nut are applied to produce the necessary movement of the centre which 
supports the work. Name the materials of which the several parts are 
made. (S. and A. Exam. 1888.) 

4. What is the use of the guide-screw in a lathe t Where is it usually 
placed ? Show by sketches the precise manner in which the slide rest is con- 
nected with or disengaged from the guide-screw. (S. and A. Exam. 1890.) 

5. Describe and show by sketches the means by which the slide rest of 
a lathe may be connected with the leading screw. If the slide rest tra- 
verses the bed at the rate of i^ feet when the leading screw makes 56 revo- 
lutions, what is the pitch of the screw thread ? (S. and A. Exam. 1892.) 
Ans. i inch. 

6. Sketch and describe the mechanism by which the saddle of a screw- 
cutting lathe can be made to travel automatically in either direction along 
the lathe bed while the speed pulleys run always in the same direction. 
(S. and A. Exam. 1890.) 

7. How is the copying principle applied in a screw-cutting lathe 7 Describe 
a method of throwing a self-acting screw-cutting lathe in and out of gear, 
and of reversing it by means of a belt and overhead pulleys. (See Fig. 5 
in Lecture XI.) 

8. Explain the use of the quadrant for change wheels in a screw-cutting 
lathe by making a sketch showing it in its position on a lathe with the 
wheels in gear. (See the general and the end views of the 6" screw cutting- 
lathe bed, and index for the part marked GP.) 

9. Explain the mode in which change wheels are employed in a screw- 
cutting lathe. The leading screw being of J-inch pitch, arrange, on a 
sketch, the change wheels as required for cutting a screw of 15 threads to 
the inch, marking the numbers on each wheel. 

10. Sketch and describe the mechanism for cutting a screw with five 
threads to the inch in a lathe where the guide screw has three threads to 
the inch. Assign suitable numbers to the wheels which you would employ. 
(S. and A. Exam. 1889.) 

1 1. The leading screw of a lathe is J-inch pitch, and rigH^nded, Sketch 
and describe the arrangement whereby you would employ the lathe for 
cutting a screw of J-inch pitch, and Uft-haTided, 

12. Describe the operation of cutting a screw in a lathe, showing the 
wheels required, and how they are placed to cut a right-handed screw with 
eight threads to the inch in a lathe whose leading screw is of ^-inch pitch. 
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13. Explain the nse of change wheels Id a screw-cntting lathe, ft \b 
desired to cnt a screw of f -inch pitch in a lathe with a leading screw of 
four threads to the inch, using four wheels. If both screws be right- 
handed, what wheels would yon employ 7 (S. and A. Exam. 1S87.) 

14. The leading screw in a self-acting lathe has a pitch of } inch ; show 
an arrangement of change wheels for cutting a screw of f-inch pitch. 

15. You are required to cut a left-handed screw of five threads to the 
inch in a lathe fitted with a right-handed guide-screw of }-inch pitch. 
Show clearly by the aid of sketches the change wheels which you would 
employ for the purpose, indicating how they would be respe^ctiy^y carried, 
uid the number of teeth in each wheel (S. and A. Exam. i89i.) 

16. What do you understand by a single geared, a double geared, and a 
treble geared lathe ? Give such sketches as will show clearly the arrange- 
ment of the headstock in each of these cases. (S. & A. Exam. 1895.) 

17. Given a screw-cutting lathe with a right-handed leading screw with 
4 threads per inch — sketch an arrangement for cutting a left-hand thread 
of II threads per inch. What gear wheels would be required? (S. & A. 
Exam. 1894.) 

18. A driving shaft runs at 100 revolutions per minute, and carries a 
pulley 22 inches in diameter from which a belt communicates motion to a 
pulley 12 inches in diameter carried upon a counter-shaft. On the 
counter-shaft is also a cone pulley having steps, 8, 6, and 4 inches in 
diameter respectively, which gives motion to another cone pulley with 
corresponding steps on a lathe spindle. Sketch the arrangement in front 
and end elevation, and find the greatest and least speeds at which the 
lathe spindle can revolve. (S. & A. Exam. 1895.) 

19. Describe and sketch the arrangement of the mechanism by which 
th" saddle of a lathe is traversed by hand along the bed. 

If the slide rest of a screw-cutting lathe when in gear with the leading 
screw moves along the bed for a distance of 14", while the leading screw 
m ikes 56 revolutions, what must be the pitch of the thread on the leading 
screw ? (S. and A. 1899.) Am, i-inch. 
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LECTURE XVII 

Contents. — Hydranlics — Definition of a Liquid — Axioms relating to a 
Liquid at Rest -Transmission of Pressure by Liquids— Pascal's Law 
— "Head" or Pressure of a Liquid at Different Depths — Total Pres- 
sure on a Horizontal Plane immersed in a Liquid — Lord Kelvin's 
Wire-testing Machine— Total Pressure on any Surface immersed in a 
Liquid — Examples I. II.— Questions. 

Hydraulics. — Hitherto the student's attention has been o(V 
fined to solid bodies, which were supposed to remain perfectly 
rigid and unchanged when acted upon by forces. We shall now 
direct his consideration to the properties and applications of 
another great division of matter — ^viz., liquids — which possess the 
marked opposite character of mobility under the action of forces. 
In natiu*e we do not meet with either perfectly soHd or perfectly 
liquid bodies; and consequently the practical engineer, when 
applying the formulae of the physicist to his machines and 
hydraulic works, has to make certain allowances according to 
cdrcumstances, with the aid of constants predetermined by experi- 
ence and experiment. 

The most common and the most useful liquid with which the 
engineer has to deal is that of water. Hence the term *' hydraulic 
engineer," as applied to persons who direct and guide the action 
of waters, as in the case of the water supply for a town, or for 
navigation purposes, or for the transmission of force and power. 
The term hydraulics, therefore, comprehends hydro-statics, which 
is the science of liquids in equilibrium^ and hi/dro-Mnetics, the 
science of liquids in motion. We shall only have space in this 
manual for an elementary inquiry into the former of these two 
divisions of hydraulics. 

Definition of a Liquid. — A Uquid is a collection of particles 
which ewe perfectly movable about each other. In consequence of 
this property, a liquid requires some external force or resistance 
to keep its particles together, such as the sides of a vessel ; for its 
molecules can be displaced by the smallest force, and are readily 
divided from each other in any direction.* 

* The late Prof. Olerk Maxwell distingaished solids from liquids in the 
following manner :—'* Bodies which can sustain lon^tudlnal pressure. 
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AzioniB relating to a Idguid at Best. — It follows directly 
from the above definition, that when equilibrium exists — 

(il I'M Jree mr/aee of a liqmd at rest it horizontal ; 

(a) Anjf mafaee of a liquid at rtat i» everi/where jierpendicttlarto 
the force which acta upon it ; 

(3) A liquid at rest acted on by a force presents a surface which 
is everywltere perpendicular to the direelion of iheforee ; 

(4) A surface supporting a liquid at rest reacts everywhere per- 
pendievlarly to the pressure of the liquid ,- 

(5) In all cases of pressure on or from liquids at rest, action and, 
reaction are equal and opposite. 

If such were not the case, equilibrium could uot exist, and 
motion of the liquid would t-^ke place. 

TransmiBsion of Fressure hy Liquids. — Take & tight veesel 
filled with a liquid and fitted 
with four frictionless piston -valves, 
V„ V„ V",, V„ of the saitus area. 
Let the outward pressure on these 
valves be balanced by spiral 
springs, arranged so that they 
indicate the forces applied to 
tbem. Now apply an inward 
force of, say, i or 5 or 10 lbs. to 
the spiral spring of valve V,, then 
instantly the other three springs 
TttANHMissiOH OF Pbessubb of the other valves will register 
BY Liquids. an outward pressure of the same 

(fbrtnmhil JtetioB.) amount as that applied. If the 

other valves had been of different areas from valve Y„ tbeir 
springs would bave registered pressures corresponding with the 
ratio of their areas to the area of valve V . Or the pressure per 
square inch on valve V, is communicated throughout the liquid 
to the other valves, and to every square inch of the internal sur- 
face of the vessel, with undiminished effect. 

Pascal's Iiaw. — Fluids transmit pressure equally and in all 
directions.'* In the case of solids pressure is only transmitted 

homeaer tmaU that preiiurt may be, witbont being supported b; lateral 
preasuie, are called snlids, and tbose which cannot are termed liqnids." A 
perfect Itmad ii therefore oru in uAicA there it i^ohtt^j/ no resietance to a 
change of ihape, althongb there may be practically an infinite resistance to 
change of volume. We aay practically because, although liquids are more 
or less compressible to a very small extent, jet tbe amount ia so small aa 
to be n^lieible in tbe case of most engineering problems. 

* Here the word fluid bat, been used instead of liquid, as being more 
general, since the term fluid inclndes both liquids and gases. Befer to 
p. 3, Lectare I., for the dittinctinn between a liquid and a gas. 



PBBSSl-BBS DUB TO LIQUIDS. I 93 

along tlie line of its action, and therefore we have in this law an 
exemplification of the fundamental distinction between solids and 
fluids. In Lecture XIX. we will explain several machines that 
depend upon the principle enunciated by Pascal's law for their 
action. 

Head or Pressure of a Liquid at Different Depths. — 
Imagine a very small horizontal area, a (for instance, a square 
tnc^), situated at a depth or height, h, inches from the free surface 
of a liquid, and that the vertical column from, a, to the surface 
becomes solidified without in any way disturbing equilibrium. It 
is evident that the horizontal and the vertical forces on the solid 
column must be separately in equilibrium, otherwise motion would 
ensue. But the only vertical forces are the weight of the column 
downward and the pressure of the surrounding liquid upwards 
on the base, a. Therefore, 

The pressure upwards « weight of the prism. 
Or, , , , p — haw. 

Where, to, is the weight of every inch of its height or the weight 
of a cubic inch of the column. But the area, a, and the weight, w^ 
are constant quantities for any particular unit of area and kind 
of liquid. Hence — 

Pressure varies directly as the depth from thefr^ee surface. 

Or, pcch. 

The technical term '^ head " expresses the above fact in a single 
word. For, when speaking of the working pressure per square 
inch due to a supply of water for a mill wheel or turbine, we say 
it has I o or 20 or 30 feet of head, meaning thereby the pressure 
due to a difference of level of so many feet, from the free surface 
of the water as it enters the supply pipe to the free surface of 
the tail race or discharge pipe. Since every foot of " head " of 
water gives in round numbers a pressure of i lb. per square inch, 
we might have said that the pressure was 5 or 10 or 15 lbs 
respectively per square inch. Consequently, 

Pressure varies directly as the hectd, 

Total Pressure on a Horizontal Plane immersed in a 
Liquid.-^^Take a vessel of am,y shape having a horizontal base, 
and fill it with a liquid to any known height. Then from the 

above rule it follows that, 

I height in inches from base to sur- 
face X area of base in square 
VMihes X weight of a cuote 
inch of the liquid, 
For, pressure per sq. in., p^^haw^ when, a^-i square inch. 
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Consequently, if the total area of the horizontal plane be equ^l 
to, a, square inches, instead of i square inch. 

The Total Pressure = haw. 
This shows that the shape of the vessel containing the liquid, and 
the total weight of water in the vessel, do not in any way affect the 
total pressure on the base. For, it depends solely on the difference of 
level between the base (or immersed plane) and the free surface, on 
the area immersed, and on the weight per unit volume or specific 
gravity of the liquid. 

This property results in what used to be termed the hydrostatic 
paradoxj which is very well illustrated by Lord Kelvin's apparatus 
for testing the tensile strength and percentage elongation of the 
sheathing wires used for covering and protecting the insulated 
conductors of submarine cables. 

Lord Kelvin's Wire-testing Machine, or Hydrostatic 
Paradox. — W represents the wire to be tested, which is 
fixed to the clips 0^ 0,. HB is a circular hydrostatic bellows, 

3' diameter, with india-rubber 
sides. WDj is the bottom wooden 
disc attached by bolts to an iron 
tripod T, which is connected at its 
centre to the clip Cj ; while WDj is 
an upper wooden disc rigidly fixed 
to the wooden framing WF. H is 
a handle keyed to the screwed 
spindle S. HS is a hydrostatic 
scale, fixed behind the vertical glass 
tube which is fitted into a short 
brass cylinder passing through 
WD^ and into HB. ES is the scale 
for measuring the percentage elon- 
gation. The upper end of this scale 
is fixed to the wire W, and the 
lower end is free. There is a clip 
pointer P which is afiSxed to 
each wire before testing it, and moved up or down until it is 
opposite to the zero of the scale £S. 

Method 0/ Testing Wire by this Machine,^{i) Turn the handle 
H backwards until C is as far down as it can get. (2) Fix wire 
in clips, and attach the pointer P so as to be opposite the zero of 
scale ES. (3) Turn the handle H forward, thus lifting WD„ and 
stretching the wire, by forcing water up the glass tube in front of 
HS. This gives the necessary " head," A, or pressure due to the 
difference in level between the free surface in the glass tube and 
the bottom of the wooden base WB,. The area in square inches 




Thomson's Hydrostatic 
Wire-testing Machine. 
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of this base gives, a, and hence the total pull on the wire is = haw, 
(4) Note the elongation by the scale ES, and the total tensile stress 
by the scale HS, at the moment the wire breaks. WD, faUs upon 
stopSy so as not to injure the india-rubber hydrostatic bellows 
HB. 

This machine was used in 1872-73 by the Author and others 
in testing all the sheathing wire for the Western and Brazilian 
Company's cables. The homogeneous wire gave an average of 
55 tons per square inch. 

In this machine we see that, owing to the quaqua versus principle 
enunciated above a few pounds weight of water can produce a 
stress of many hundreds or even thousands of pounds by simply 
giving it "head,^^ through a small tube in connection with an 
enlarged area. 

When the sides of a vessel taper towards the top, as in the case 
of a wine bottle, the liquid pressing vertically upwards upon them 
produces a reaction on the base, which makes up for the want of 
weight of liquid which would be naturally due to direct vertical 
pressure in the case of a cylindrical vessel. 

Total Pressure on any Surface immersed in a Liqnid. 
— Let a surface of any shape be immersed in a liquid of a/ny kind 
to any depth, as illustrated by the following figures. Then, by 
applying the previous proofs, and a property of the "centre of 




End View. Side View. 

Pbessube on any Surface mMEBSED in a Liquid. 
gravity " (which affirms that the mea/n perpendictdar distance from 
any pla/ne, is eqtml to the distance from th^ eg, of the surfa/x to that 
plane), we find, that the total pressure on the immersed surface is 
represented by the following equation : 

P = HAW.* 
Where P = Pressure (total) in lbs. 

„ H = Height from eg, to free surface in feet.* 

„ A = Area in square feet.* 

„ W = Weight of a cubic foot of the liquid.* 

* The student will observe that we have snddenly jumped from heii^hta 
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^i^^^^^ 3 ft. 



Example I. — Find the total pressure on the bottom of a 
cubical tank having a bottom 4' x 4' and filled with water to a 
depth of 4'. 

Answee. — By the above formula — 

P = HAW. 

P = 4' X (4' X 4') X 625 lbs. = 4000 lbs. = 18 tons. 

Note. — Wo may here remark that 62 '3 lbs. is the weight of a cubic foot 

of fresh water at 65" F (see Appendix for Useful 
Constants), whereas 62*5 lbs. is the value at the 
maximum density of water, or 39° F. 

Example II. — A rectangular tank for 
holding water has a vertical side whose 
dimensions are 3 feet vertical by 4 feet 
horizontal. An open pipe is inserted into 
the cover of the tank, and water is poured 
in until the level in the pipe is 7 feet 
above the base of the tank. Find the 
pressure on the vertical side and the reduc- 
tion of pressure when the water in the 
pipe is allowed to sink ij feet. (The 
weight of a cubic foot of water = 62.5 lbs.) 
(S. and A. Exam. 1890.) 

Answer. — In the first case, 

Height from eg, of side to free surface = H^ = 5«5'. 

Area of this vertical side in sq. ft. = A = 3' x 4" = 12 sq. ft. 

Weight of a cubic foot of water = W =62.5 lbs. 

By the above formula. 

The total pressure Pj = Hj AW. 

.•. Pi = 5.5'x 12 X 62.5 = 4125 lbs. 

In the second case, when the free surface is lowered by i J ft., 
everything remains the same except the H, which is now reduced 
from Hj to H, = 4'. 

By the formula, 

P, = H,AW. 

••• P, = 4X 12 X 62.5 = 3000 lbs. 

Consequently, the reduction in pressure is the difference between 
these pressures. 

Or (Pj - P,) - 4125 lbs. - 3000 lbs. = 1126 lbs. 

in inches to those in feet, areas in square inches to those in square feet, 
and weights of cubic inches to those of cubic feet. This is because the 
usual units of measurement in hydraulics are feet, square feet, and cubic 
feet. Before attempting the more difficult questions on page 197, he 
should study a few pages of the next Lecture. 




LEOTUBB XVn. — QnBSTION& 1 97 



LsoTuiUB XYII.— QuasnoNB. 

1. Define the terms liquid, hydro-statics, hydro-dyn&mloB, and hydraulics. 

2. Give the chief properties of a liquid, stating wherein it differs from a 
solid and a gas. 

3. Describe and illustrate any experiment, other than the one referred to 
in this Lecture, to prove the law of transmission of pressure by liquids. 
State Pascal's law. 

4. Describe the nature of fluid pressure. A mass of stone when in water 
appears to be lighter than when it is situated in the open air. Will yon 
explain the cause of this fact, and state the difference of weight per cubic 
foot of water displaced ? 

5. What is meant by ** head" in relation to water supplies for developing 
power ¥ Qive an example. 

6. Explain how the pressure on the base of a vessel depends solely upon 
the area of the base and its depth from the free surface. Illustrate your 
remarks by showing a series of connected vessels of very different shapes, 
but with each of their bases of the same size and on the same level, and 
filled with water to the same height. 

7. Sketch and describe Sir Wm. Thomson's wire-testing machine, and 
explain how such a great force is obtained thereby from such a small 
quantity of water. 

8. How is the pressure of water on a given area ascertained f A tank, 
in the form of a cubical box, whose sides are vertical, holds 4 tons of water 
when quite full ; what is the pressure on its base, and what is the pressure 
on one of its sides ? Ant. 4 tons ; 2 tons. 

9. A water tank is ij feet square and 4 feet 6 inches deep ; find the pres- 
aure upon one of the sides when the tank is full. Ana. 8226*56 lbs. 

10. State approximately the increase of pressure to which a diver would 
be exposed when working at a depth of 50 feet below the surface of fresh 
water. Ana. About 22 lbs. per square inch. 

11. In the vertical plane side of a tank holding water, there is a rectan- 
gular plate whose depth is i foot and breadth 2 feet, the upper edge being 
horizontal, and 8 feet below the surface of the water ; find the pressure on 
the plate. Ana. 1062*5 lbs. 

12. The base of a rectangular tank for holding water is a square, 16 
square feet in area. The sides of the tank are vertical, and it holds 250 
gallons of water when quite fulL Find the depth of the tank and the 
pressures on each side and on the base when quite filled with water. 
(S. and A. Exam. 1888.) Ana. 2*5 feet ; 781*25 lbs. ; 2- 500 lbs. 

13. A rectangular tank for holding water has a vertical side whose 
dimensions are 4 feet vertical by 5 feet horizontal. An open pipe is in- 
serted into the cover of .'^^he tank, and water is poured in until the level in 
the pipe is 10 feet above the base of the tank. Find the pressure on the 
vertical side and the reduction of pressure when the water in the pipe is 
allowed to sink 2 feet. Ana. 10,000 lbs. ; 2500 lbs. 

14. A gauge in a water pipe indicates a pressure of water equal to 40 lbs. 
on the square inch. What is the depth of the point below the free 
surface ? Sketch and explain the action of some form of gauge suitable 
for the above purpose. (S. and A. Exam. 1893.) Ana. 92*16 ft. 
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LECTURE XVIII. 

Contents.— Usefal Data regarding Fresh and Salt Water — Ezanciples 
I. II. III. IV. — Centre of Pressure — Immersion of Solids — Law of 
Archimedes — Floating Bodies — Example V. — Atmospheric Pressure — 
The Mercurial Barometer — ^Example VI. — Low Pressure and VacujT' 
Water Gauges — Example VII. — The Siphon — Questions. 

Useful Data regarding Fresh and Salt Water. — ^We will 
commence this Lecture by giving some useful data regarding the 
weights, <fec., of fresh and salt water, and then work out a few 
more examples for the pressui'es on immersed surfaces, finishing 
with the immersion of solids in fluids, &c. 

'Specific gravity * = i . 
I cubic foot weighs 62*5 lbs., or 1000 oz. 
I gallon weighs 10 lbs., or 160 oz. 
I ton occupies 35*84 cubic feet. 
I atmosphere = 14*7 lbs. per sq. in. = 29*92 in. 
mercury = 33*9 (say 34) ft. head of water. 

I foot of head = '43 lb. on sq. in. 
I lb. on the sq. in. = 2 '308 ft. head. 
H.P. in a waterfall = cubic ft. per minute x 
head x 62*5 -=- 33,000. 

Specific gravity *= 1*026. 
I cubic foot weighs 64 lbs. 
I gallon weighs loj lbs. 
^i ton occupies 35 cubic ft., or 218^ gallons. 

Example I. — ^A cubical box or tank 
with a closed lid, the length of a side of 
which is 4 feet, rests with its base hori- 
zontal, and an open vertical pipe enters 
one of its sides by an elbow. The tank 
is full of water, and the pipe contains 
water to the height of i foot above the 
top of the tank. What are the pres- 
sures of water on the top, bottom, and 
side^ of the tank ? (Given the weight of 
a cubic foot of water =62^ lbs.) (S. and 
A. Exam. 1887.) 

* Specific gravitj is the ratio of the weight of a given bulk of a sub* 
stance, to the weight of the same bulk of pure water. 
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Answer. — (i) For the pressure on the top — 

The depth of eg, of the top from free surface = H = i', 

.• . Total pressure on top = HAW = i' x (4' x 4') x 62*5 lbs. « 
1000 lbs. 

(2) For the pressure on the bottom — 

The depth of eg, of the bottom from the free surface = H =« 5^. 

. •. Total pressure on bottom = HAW = 5' x (4' x 4') x 62*5 lbs. = 
6000 lbs. 

;) For the pressure on each of the aides — 

he depth of eg, of each side from the free surface = H = 3'. 

• •. Total pressure on each sido = HAW = 3' x (4' x 4') x 62 5 lbs. 
= 3 000 lbs. 

Example II. — A cylindrical vessel, 30 
inches long and 6 inches in diameter, is 
sunk vertically in water, so that the base, 

which is horizontal, Ls at a depth of 25 

inches below the surface of the water. ^^szEFJl 
Find the upward pressure in pounds on •zrljz^zz: 
the base of the vessel The weight of a Hrz\frf 
cubic foot of water is 62 J lbs., and7r= -E-zsiizJzrL^s:*------- 

3*i4i6. (S. and A. Exam. 1889.) -^' 

Answer. — The depth of eg. of the base from the free surface 
is = H = ^ = 2^' = 2-o83feet. 

The area of the bajse = A = -cP= T" x *5' x •5' = *i96 sq. ft. 
The weight of a cubic foot = W = 62*5 lbs. 

• 

• •• The total pressure on base = HAW = 2*083 x '196 x 62*5 = 
26-5 lbs. 

Example III. — A water tank, 8 feet long and 8 feet wide, with 
an incHned base, is 1 2 feet deep at the front and 6 feet deep at 
the back, and is filled with water. Find the pressure in lbs. on 
each of the four sides and on the base ; water weighing 62^ lbs. 
per cubic foot. 

Answer. — In answering a question of this kind the student 
will find it best to draw a figure representing the water tank and 
the positions of the centres of gravity of isach side and of the base 
in the manner shown by the accompanying illustration. The only 
point that presents any difficulty is the eg, of the side DEFC, 
and of the correspondingly opposite one. This might be done by 
first finding the eg, of the D DEFH, viz., G, ; second, of the A 
HFC, viz., G3 ; third, by joining these two points with a line G,Gj, 



200 L^JTURE XVIII. 

and takmg a distance along it from Q, towards Q-, iaversely pro- 
portional to the areas of the a DEFH and the A HFC ; this 

would give a point Gj the e.g. of the whole side = 46' from surface. 
But it will evidently be easier to treat the pressures on the Q 
and A separately, and then to add them together in order to 
obtain the total pressure on the whole side DEFC. 



Showing Positions 
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G, represents centre of gravit; of area ABCD 
G, „ „ „ DEFH 

G, „ „ „ HFO 

G, „ „ „ ENMF 

G, „ „ „ BCFM. 

Let H„ H„ &c., represent depths of 0^, G„ &c. 
Then H, = iDC = 6'; H,=pF = 3'. 
G, is J of HO below the line KF (see Lecture III., re position of 
e.g. of certain areas). 
.'. H, = 6 + | = 8'i Hj = JEF=-7'. 
G, is at a depth below the surface = the mean between the edges 
BO and FM of the base BOFM. 
.-. Hj = J(DC + EF) = 5(i2+6) = 9'. 
Total pressure on area — 

ABCD = HiAjW = 6' X {i 2' X 8') X 62-5 = 36,000 lbs. 
DEFH = H^,W = 3'x{6' x8'^)x6a-s= 9,000 Iba. 
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HFC = H3A3W = 8'x(^ x8')x62-5 = 12000 IbB. 

DEFC = DEFH + HFC = 9000 + 1 2000 = 21000 „ 

ENMF = H,A,W = 3'x(6' x8')x62-5 = 9000 „ 
BOFM = H5A5W = 9'x(io'x8'jx62-5 »= 46000 „ 



Example IV. — A sluice gate 
is 4 feet broad and 6 feet deep, 
and the water rises to a height 
of 5 feet on one side and 2 
feet on the other side. Find 
the pressure in pounds on the 
gate. 

Answer. — The net pressure 
on the sluice gate is evidently 
equal to the difference of the 
pressures on the two sides. 

Total pressure on — 
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*Nbtt Pbessubb on Sluiob Gate. 



Back side = HjA,W = 2*5' x (4' x 5') x 62.5 = 3125 lbs. 
Front side = H^jW =1' x (4' x 2) x 62.5 = 500 „ 

Subtracting the front from the back) 000 k ii^« 
pressure we sret the net pressure ) 



pressure 



Centre of Pressure. — In the case of a plane area immersed 
in a liquid, the " centre of pressure " is the point at which the re- 
sultant of all the pressures of the fluid acts. If the plane be 
horizontal, the resultant naturally acts at the centre of the figure, 
and therefore the centre of pressure agrees with the centre of 
gravity of the figure. In the case of a vertical rectangle, having 
one of its edges in the surface of liquid, like a dock-gate or a 
sluice, the cent/re of pressure will be at a point j[ of the depth from 
the free surface and at the middle of the breadth of the immersed 
portion. We will have to prove this in our Advanced Course, 
and perhaps refer to the position of the centre of pressure in 
other cases. 

Immersion of Solids. — Archimedes' Discovery. — If a solid 
be immersed in any fluid (whether liquid or gas), it displaces a 
quantity of that fluid equal to its own volume. This is evident 
from the principle of impenetrability — viz., ^' two bodies cannot 
occwpy the samie spa>ce at iJie samae time" 

Hence we have a simple method of determining the volume of 
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any irregular body by plunging it into a liquid, and -noting tbo 
cubic contents of the liquid displaced, by letting it run into a 
measure of known capacity, sucb as a graduated jar. Thia prin- 
ciple was first discovered by Archimedes, a philosopher of Syra- 
cuse, in the year 250 B.C. The story of this discovery is related 
by TitruviuB, who states that Hero, a king, sent a certain weight 
of gold to a goldsmith to be made into a crown. Suspecting that 
the workman had kept back part of the gold, he weighed the 
crown, but found that it was the same as the weight of the gold 
preriously sent by him to the goldsmith. He was, however, not 
satisfied with this test, so be consulted Archimedes, and asked 
lum whether he could find out if the crown was adulterated. 
Not long afterwards tbe philosopher, on going into his bath 
(which happened to be full of wat^), observed that a quantity of 
the water was displaced. He immediately conjectured that the 
water which ran over must be equal to the volume of the immersed 
part of his body. He was so overjoyed at the di^overy that he 
jumped out of the bath and ran naked to the king, exclaiming, 
EipTjKa ! eu/iijjta 1 (I have discovered ! I have found out !) He then 
began to experiment with the crown by taking a quantity of pure 

fold of the same weight, and observed its displacement in water. 
Text be ascertained by the same process the volume of the same 
weight of silver, and finally the volume of the crown, which 
actually displaced moie water than its equivalent weight of pure 
gold. In this interesting manner the fraud of the artificer was 
detected, to his great astonishment and chagrin, and a Law of 
Nature was discovered. 

Floating Bodies. — ^A body is said to float in a fluid when it is 
entirely supported by the fluid. In order that a body may float, 
tbe forces acting upon it must 
be in equilibrium. Now, as 
may be seen from the case 
illustrated by the accom- 
panying figure, there are 
only two forces to be con- 
sidered — viz., the weight of 

- . — ^ the body acting vertically 

r ^^- = L jz ^ ^ dmoTvwarda through its centre 

^^"^ =-='^^^ of gravity Q^ and tbe pree- 

CoBDmoNa OF EQuiLiBRniM IN THE ^"^ ^^ ^^^ °^^ at/ojig ver- 
048K OP A Floating Body, Ueally wpwairda through the 

centre of gravity Q, of the 
displaced fluid. The horisoutal pressures of the fluid on the 
body are in equilibrium by themselves, and simply tend to com- 
press it so that tbegr do not affect ^e question. The upward 
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pressure of the fluid must be equal to the weight of the body, 
otherwise the body would rise or sink. 

Also, the weight of the body must be equal to the weight of 
the fluid displaced. This will be evident when we remember that 
the total upward pressure of the fluid on the surface ACB is 
equal to the weight of the fluid which formerly filled that space. 
But, since equilibrium still exists when the body is floating, it is 
clear that the weight of the body must also be equal to the 
weight of the fluid displaced. If the body be wholly immersed it 
will be pressed upwards with a force equal to the weight of the 
fluid which it displaces. Hence the statement known as the — 

Principle of Archimedes. — When a body is wholly orpartiaMy 
invmeraed in a fluid it ia pressed vertically upwards by the fluid 
with ajorce equal to the weight of the fluid which it displaces amd 
this force may be taken to act at the e.g. of the displaced fluid. 

As a natural deduction from the above proof we conclude that 
a body cannot float in a liquid of less specific gravity than itself. 
A solid glass or metal ball will float in mercury, but not in water. 
If the specific gravity of a body be the same as that of a liquid, it 
will float totally submerged. If the body and the liquid are each 
incompressible, the body will float indiflferently at any depth. If 
the body be incompressible, but be placed in a compressible fluid, 
such as air, the body will rise or fall until it finds a place where 
its mean specific gravity is the same as that of the displaced gas. 
This is exemplified by the case of a balloon filled with a gas lighter 
than air. It rises until it arrives at a height from the earth where 
the combined wei?bt of the machine and the gas contained therein 
are equal to the weight of the 
same volume of air.* 

ExAifPUS Y. — ^A rectangular 
tank, 4 feet square, is filled 
with water to a height of 3 feet. 
A rectangular block of wood, 
weighing 125 lbs., and having 
a sectional area of 4 square feet, 
is placed in the tank, and floats 
with its sides vertical and with 
this section horizontal How 
much does the water rise in the 
tank, and what is now the 
pressure on one vertical side 
of the tank? (S. and A. Exam. 1892.) 

AsawER. — ^Let AjBj be the original surface of the water in the 
tank before the block was immersed, A,B, the surface after 
immersion of the block. 

* We most leave the subject of metaoentres, fro.| to our ^dnmcad 
Couise. 
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Let "Vj— volume represented by A^B^CD. 
„ VjSa „ „ „ AjBjOD. 

ff v^ „ of water displaced by block, 

represented by ahod. 
„ a; = amount by whicb the water rises in the tank 
when the block is immersed. 
Then clearly, V, == Vj + v. 
Or, V,-.V,=t7. 

N ow V, - V J = volume represented by A^B,B^A„ 

« cross sectional area of tank x x^ 
'^4^xx=i6 X cub. ft, 

••• i6a; =s t? or 05 = -- ft. 

lO 

But, by the principle of Archimedes we know that 

The weight of footer displaced by blocks The weight of the block, 

V X 62 J lbs. = 125 lbs. 
••• »s=-r-T-=2 cub. ft. 

••• «^=-?*-? = i ft. = li inches. 

16 16 ^ ^ 

Next, we have to find the presswre on one of the vertical sides 
of the tank. Here the depth of the centre of gravity of the area 
of the side subjected to pressure below the free surface of the 
water is 

H-iA,C=J(3' + |') = £-Sfeet. 

.\ Total pressure on side = 'P — ^A.W 

.•.P=?|x(4'x3j')x62jlbs. 

Or, ... P = 1220-71b8. 

Atmospheric Pressure. — Surrounding the earth's surface 
there is a deep belt of air, which gets rarer and lighter the 
higher we rise from the earth. If we consider the case of a com- 
plete vertical column of this air, we find that it produces an 
average pressure on the earth's surface of about 15 lbs. ; or, in 
other words, we say that the atmosphere produces an average 
pressure of 15 lbs. on the square inch, for we find that it wi]l 
balance a vertical column of mercury of about 30 inohes, or a 
vertical column of water of 34 feet. We do not experience any 
inconvenience from this normal pressure of the atmosphere, 
because we are so constituted as to be able to resist it. Should we, 
however, enter the closed compressed air-chamber of the under- 
ground workings of a railway tunnel (such as those in operatioD 
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at the present time for the constmction of the Glasgow Central 
Bailway), or the caissons of a great bridge while they are being 
sunk ^as in the case of the Forth Bridge), or go down into the sea 
in a oiving-dress or diving-bell, then we do feel a most uncan^ 
foriahU sensation in our ears, eyes, dec. Or, if we climb a very 
high mountain, or rise far into the air in a balloon, we have a some- 
what similar sensation, but due to an opposite effect — ^viz., a 
diminution from the normal pressure to which we are accustomed. 

The Mercurial Barometer. — The pressure of the atmosphere 
is usually measured by a mercurial barometer, which consists of 
a vertical tube of glass about 33 inches long, of uniform calibre, 
hermetically sealed at the top end, into which has been caref uUy 
introduced mercury freed from air. The lower end dips into an 
open dish containing a quantity of that liquid metal. Oonse- 
quently the pressure of the atmosphere acting on the mercury in 
the open dish forces it up inside the tube to a height directly 
proportional to its pressure, since there is supposed to be a 
perfect vacuum between the upper surface of the mercury and 
the dosed end of the glass tube. 

Example YI. — Suppose the height of mercury as registered by 
a mercurial barometer is 30 inches, and that the speciiic gravity 
of mercury be taken as 13*6, what would be the height in feet of 
a water column which would support the same atmospheric 
pressure? 

Answer. — i : 13*6 : : 30 inches :» 

.•. OS » 30 X 13-6 = 408" — 84 feet. 

Iiow Fressure and Vaouuin Water Qauges.* — It is often 
necessary for the engineer to measure low pressui/res or vacawima of 
gases. For example, in the supply of illuminating gas to a 
town, or in the pressure of air feeding a boiler furnace by natural 
or forced draught, or the vacuum produced by a chimney- 
stalk; or, in the case of the vacuum in a coal mine produced 
by a furnace below the earth, or by a guibal fan situated 
near the upcast shaft, kc. In such cases, as well as in many 
others where low pressures have to be observed, the force is not 
reckoned by pounds per square inch, or by inches of mercury 
sustained in a vertical column, but by the number of inches of 
water which the pressure will support or which the vacuum will 
detract from the atmospheric pressure. 

The accompanying figure illustrates the apparatus usually 
employed in determining such low pressures. It consists of a 

* For a description of mercnrial pressure and Yaonum ganges, as well as 
Bourdon's high-pressure and vacnum gauges, refer to the Auuor's Blemen- 
taiy and Advanced Books on " Steam and Steam Engines." 
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simple bent U glaea tube with a Bcale between the vertical legs of 
the (J, divided iato inches and tenths of an inch, so that either 
the pressure or the vacuum may be read off in incites of wat«r 
preeaure, according as the forward pressure from the point of 
supply is positive or negative in respect to the pressure of the 
atmosphere. For example, let the leg of 
the U tube next the cook be connected 
to the gas pipe of a house, then the 
pressure of the gas supply acts on the 
water in the right-hand leg of the tube, 
and forces it downwards, whilst the 
water in the other leg rises correspond- 
ingly. The reading observed on the 
scale S, below or above the zero or 
equilibrium line, has of course to be 
doubled in order to ascertain the exact 
total pressure in inches of water. If 
the U tube be connected to a vacuum 
Gas Prjisscrh Qaxfoe. or negative pressure, then the water 
rises in the inner leg of the U tube, 
Ibdbx to Pabts. owing to the greater pressure of the 

SO repreflents Steam or atmosphere on the outer limb, and the 
GT ,. Gl^^' t^. '°<tr °f ^^^"^ •^PJ-esenting the amount 
S „ Scale. **' *™ vacuum are accordingly read oft 

W „ Water. , in the same way. For example, if the 

apparatus be connected to the base of 
a steam boiler chimney, or to the inlet of a guibal fan creating 
a draught in a coal mine, then the suction produced forms a 
vacuum which requires the supply of atmospheric air, and con- 
sequently the air presses on the open water of the outer limb of 
the U tube, and forces it downwards. The vacuum is therefore 
observed and recorded by adding the inches of water below and 
above the zero line. 

Example VII, — A difference of level is observed of 4 inches 
between the outer and inner limbs of a U tube water-gauge. 
What is the pressure of the gas supply in lbs. per square Inch f 

Answer.— -A vertical column of 34 feet of water corresponds to 
15 Ibe. pressure on the square inch. Consequently, 
{34' X i2"):4'-::islb&.:x 
^^ — — = — 1 or nearly | of a lb. per sq. in. 

The Siplion is simply a bent tube for withdrawing hquids 
from a higher to a lower level by aid of the atmospheric pressure. 
It is used in chemical laboratories and works for emptying acidt^ 
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The Siphon. 



from carboys, in breweries and distilleries for extracting beer 
from vats and spirits from casks, in the crinal glass tube of 
Lord Kelvin's recorder for conveying ink from the ink-pot to 
the telegraph message-paper ; 
and on a large scale for draining 
low-lying districts, such as the 
fens of Lincolnshire. 

The conditions for the success- 
ful working of a siphon afe, 
that — 

1. The liquid shall be carried 
by the outer limb of the tube to 
a lower level than the surfex^ of the supply. 

2. The vertical height from the free surface of the liquid being 
drained to the top of the bend of the siphon ahaU not be greater 
than the height of the water barometer at the time — say only 30 feet 
— on account of the necessary deduction of 3 or 4 feet to be made 
from the full height of 34 feet, due to having to overcome the 
friction of the pipe. 

3. The end of the siphon dipping into the liquid to be drained, 

shall not become uncovered. 

To start 1M siphon, either the tube must be filled with liquid, 
the ends closed, and the siphon inverted, with the shorter limb 
under the fluid to be drained, before uncovering the ends ; or, 
whilst the end of the shorter limb is in the liquid a partial 
vacuum must be formed in the siphon tube by extracting the air 
from the end of the longer leg. 

Hie princij>le upon which the siphon acta is as follows : — 
A vaxmum having been formed in the tube, the pressure of the 
atmosphere acting on the free surface of the liquid to be drained, 
forces it up the shorter limb, and having turned the highest 
point of the Q the liquid descends the longer l imb by the action 
of gravity with a velocity proportional to the J difference of levels 
between the outlet and the free surface of the source of 
supply. The outflowing liquid is always acting as a water-tight 
piston at the bend of the Q, and in this way keeping up the vacuum 
there, until either the inlet and the outlet free surfaces come to a 
level (when the siphon stops for want of " head "), or, when the 
diflTerence of level between the free surface of the supply and the 
top of the bend exceeds the height supportable by the atmosphere, 
when it stops for want of breath or atmospheric presstkt^e. 
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1. What are the respective specific gravities and the weighta per onbio 
foot and per gallon of fresh and of salt water ? 

2. A cylindrical vessel, 120 inches long and 10 inches in diameter, is 
sunk vertically in water, so that the base, which is horizontal, is at a depth 
of 100 inches below the surface of the water. Find the upward pressure 
in pounds on the base of the vessel. Ana. 284*2 lbs. 

3. A cubical box or tank with a closed lid, the length of a side of which 
is 5 feet) rests with its base horizontal, and an open vertical pipe enters 
one of its sides by an elbow. The tank is full of frc«h water, and thepipe 
contains water to the height of 10 feet above the top of the tank. What 
are the pressures of water on the tqp, bottom, and sides of the tank t 
Ans. 15,625 lbs. ; 23,437.5 lbs. ; I9.53i'25 lt»- 

4. A water tank lo^ long, lo^ wide, with an inclined base lo^ deep at one 
end and 5^ at the other end, is filled with fresh water. Find the pressure 
in pounds on each ot the four sides and on the base. Ana. 31,250 lbs. ; 
7,8i2«5 lbs. ; 18,229-16 lbs. ; 52,500 lbs. 

5. A lock gate is 12 feet wide, and the water rises to a height of 8 feet 
from the bottom of the gate. What pressure in pounds does it sustain ? 
The weight of a cubic foot of water is 624 lbs. Afu. 24,000 lbs. 

6. A vertical rectangular sluice gate, measuring 2 feet horizontal by 3 feet 
vertical, is immersed so that its upper side is 4 feet b^ow the surface of the 
water pressing on it. Find the pressure on the gate : you are required to 
explain the reasoning on which your calculation is founded. (8. and A. 
Bxam. 1891.) Ans, 2062'$ lbs. 

7. What is meant by the " centre of pressure *' in the case of a plane 
surface inmiersed in a liquid t If the plane be a horizontal circle, where 
does the centre of pressure act 7 If it be a vertical rectangle 10 feet wide 
and 6 feet deep, immersed in water so that the upper edge of the rectangle 
Is flush with the surface of the water, where does the " centre of pressure '* 
act 7 Ans, at the centre of the circle ; 4 feet below surface of water. 

8. State the law discovered by Archimedes, and the conditions for a body 
In equilibrium floating in a liquid. A cylinder 10 feet long and 2 feet in 
diameter floats in fresh water, with 2 feet projecting from the surface ; find 
the weight of the cylinder. Ans, 1,571-42 lbs. 

9. A rectangular tank, 5 feet square, is filled with water to a height of 
7f feet. A rectangular block of wood, weighing 3 12* 5 lbs., and having a sec- 
tional area of 5 square feet, is placed in the tsmk, and fioats with its sides 
vertical and with its section horizontal How much does the water rise 
in the tank, and what is now the pressure on one vertical side of the tank 7 
Ans, 2*4 inohes ; 987 V4 lbs. 

la The mercurial barometer registers 31"; calculate the height of columns 
of fresh and ol salt water that wfil balance the corresponding pressure. 

11. Sketch and describe a mercurial barometer. State how it is made, 
and how it acts as a register of the pressure of the atmosphere. 

12. Describe some simple form of gauge which would enable you to 
measure the pressure at which gas is suppUed, and explain the principle on 
which it is constructed. 

13. Sketch and explain the action of the siphon, and give a few practica] 
kuiples of its use. Also state under what droumstances it fails to work 
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14. The bottom of a water tank measures 7' in length and 3' 4'' in width. 
When the tank contains 900 gallons of water, what will be the depth of 
the water, and what would be the pressure on the bottom, on each side 
and end of the tank respectively 7 One g^on of water weighs 10 lbs. 
One cubic foot weighs 62*3 lbs. (S. & A. Exam. 1897.) 

15. Draw the dSigram of water pressure on the side of a tank with 
vertical sides, 12 feet high, and filled with water. Deduce the vertical 
depth of the centre of pressure below the top edge of the tank. (S. & A. 
Bzam. 1894.) 

16. Name the chief physical properties of a liquid, and show in what 
respect a liquid differs from a gas and from a solid. How is the pressure 
of water on the vertical sides of a tank calculated 7 

A water tank is 10^ long, i<y wide, and 10' deep. When it is filled with 
water, what will be the force with which the water acts on one side of the 
tank 7 (S. & A. Exam. 1898.) 
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LECTURE XIX. 

Contents. — Hydraulio Machines — The CommoD Suction Pamp — ^Bxample 
I. — The Plunger, or Single-acting Force Pump — Example II. — Force 
Pump ¥dth Air Vessel— Continuous-delivery Single-acting Force 
Pump without Air Vessel — Combined Plunger and Bucket Pump — 
Double-acting Force Pump— Example III. — Questions. 

Hydraulio Maohines. — The Common Suction Fnmp oonsistfl 
of a bored cast-iron barrel PB, terminating in a suction pipe, SF, 
fitted with a perforated end or rose B, which dips into the well 
from which the water is to be drawn. The object of the rose is 
to prevent leaves or other matter getting into the pump, that 
might clog and spoil the action of the valves. At the junction 
between the barrel and suction pipe there ia fitted a suction valve 
SY, of the hinged clack type faced with leather. The piston or 
bucket B is worked up and down in the barrel of the pump by 
the force P, applied to the end of the handle H, being commu- 
nicated to it through the connecting link of the hinged piston- 
rod PB. In the centre and at the top of the bucket is fixed the 
clack delivery valve DY, which is also faced with leather in order 
to make it water-tight. The bucket is sometimes packed with 
leather ; but, as shown by the figure, a coil of tightly woven flax 
rope wrapped round the packing groove would be more suitable 
in the present instance. 

Action of the Suction Pwmp. — (i) Let the barrel and the su<>- 
tion pipe be filled with air down to the water-line, and let the 
bucket be at the end of the down stroke. Now raise the bucket 
to the end of the up-stroke by depressing the pump handle. This 
tends to create a vacuum below DY ; therefore the air which filled 
the suction pipe opens SY, expands, and fills the additional volume 
of the barrel. Consequently, according to Boyle's law, its pres- 
sure must be diminished in the inverse ratio to the enlargement 
of its volume.* This enables the pressure of the atmosphere 

* The student may refer to Lecture XII. of the Author's Blementaij 
Manual on *' Steam and the Steam Engine/' for an explanation and demon- 
stration of Boyle's law ; where it is shown that if p=the pressure of a 
gas and v=:its volume, then at a uniform temperature pv^a constant, or 

p varies as-^ 

p 
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(which acts constantly on the surface of the water in the well) to 
Force a certain quantity of water up the suction pipe, until the 
weight of this column of water and the pressure of the air 
(between it and the delirery valves) oalance the pressure of the 
outside atmosphere. 



H representa Handle. 

" Push or pall at A. 

Fulcrum of H. 

Plunger rod. 

Pump barrel 

Spout. 



Common Suction Pump. 

INDBX TO Pabts. 



PR 



SP represeniB Saction pipe. 
" Roae. 

Suction valve. 
Bucket or piston 
Delivery valve. 



(z) In pressing the bucket tA the bottom of the hairel by 
elevating the handle, the suction valve closes and the delivery 
valve opens, thereby permitting the compressed air in the barrel 
to escape through the delivery valve into the atmosphere. 

(3) Baise and depress the piston several times so as to produce 
the above actions over again, and thus gradually diminish the 
volume of the air in the pump to a minimum. Then water will 
have been forced by the pressure of the atmwphere up the suction 
pipe and into the pump, if tbe bucket and the valves are tight. 
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and if the delivery valve when at the top of its stroke be not 
more than the height of the hydro-barometric column above the 
water line of the well.* 

(4) The bucket now works in water instead of in air. In fact, 
the machine passes from being an air-pump to be a water one. 
During the aown-stroke water is forced through the delivery 
valve. During the up-stroke this water is ejected through the 
spout ; at the same time more water is forced up through suction 
pipe and valve to supply the place of the vacuum created by the 
receding piston. The water is therefore discharged (ynXy during 
the up-stroke in the case of the pump illustrated by the figure. 
Should it, however, be fitted with an air-tight piston-rod and pump 
cover, and should the pump handle be moved rapidly, more water 
will be taken into the barrel than can escape from the spout 
during the up-stroke. Consequently, the compression of the pent- 
up air between the surface of the water in the barrel and the 
cover, will cause the water to flow out in a more or less continuous 
stream during the down-stroke. In other words, the top cover 
and the portion of the pimip above the spout may be converted 
into an air vessel, the precise action of which will be explained 
later on. 

Example I. — If the cross area of the bucket of a suction pump 
be 20 sq. in. and if water be raised 24 ft. from its surface in the 
well, what is the pull on the pump rod % 

Answer. — ^The pull P on the pump rod is evidently equal to 
the weight of a column of water of height H = 24 ft., and the 
area of the bucket in sq. ft. = A >= 20-7-144. Therefore, by the 
formula employed for the pressing of a liquid on a surface in 
Lectures XVII. and XVIII.— 

P = HAW, 

P« 24' X .1^ X 625 = 208 Ibe. 
144 . 

The Plunger, or Single-acting Force Pump. — ^The upper 
or outer end of the barrel of this pimip is provided with a stuffing- 
box and gland, through the air-tight packing of which the solid 
pump plunger works. 

During the up or outward stroke of the plunger a vacuum is 

* Theoretically, such a pump should be able to lift water from a depth 
of 34 feet below the highest part of the stroke of the deUvery valve, but 
practically, owing to the imperfectly air-tight fitting of the piston and the 
valves, it is not used for withdrawing water from wells more than 20 to 25 
feet below this position of the delivery valve. In fact, such a pump fre- 
quently requires a bucket or two of water to be poured into it above the 
delivery valve in order to make it work at all, if it should have been left 
standing for some time without being worked. 
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created in the pump barrel, and consequently air is expanded 
into it from the siiction pipe. This pipe is attached to the flange 
of the suction valve-box. During the down or inward stroke 
the suction valve closes, and the pent-up air in the barrel is forced 
through the delivery valve. Th^ action goes on precisely in the 
manner just explained in the case of the suction pump, until the 
water rises into the barrel. Then the inward stroke of tbe plunger 
drives water through the delivery valve to any desired height (or 
against any reasonable back pressure, as in the case of a feed 



The Plohobb Forcb Puup. 

INDKX to P4BTS. 

SV represents Suction valve. I PB represents Pnmp barrel. 

DV „ Delivery valve. PP „ Pump plunger. 

Ch „ Checks for valves. SB and G . „ Stuffing box 

I and gland. 

pump for a steam boiler) consistent with the strength of the pump 
and the power applied. 

Ihe eye of the plunger may be attached to a connecting-rod 
actuated by a band lever, as in the case of the suction pump, or it 
may be worked from one eccentric or crank revolved by a steam 
engine or other motor. 

By whichever way it is worked, the force applied to the plunger 
muat be sufficient to overcome the friction between the plunger 
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and the paddng, the resistance due to sucking the water from the 
source of supply, and of driving the same up to the place where 
it is delivered. 

With this pump (as in the coae of the suction pump), the water 
is only delivered during one out of every two strokes of the 
plunger, and consequently, in an intermittent or pulsating fashion. 
In order to make the supply continuous we have to use one or 
other of the devices about to be described. 

ExAMFLE II. — la a single-acting plunger force pump the cross 
area of the plunger is 10 sq. in., and its distance from the surface 
of the water in the well, when at the end of its outnard or suction 
stroke, is 20 ft. During the inward stroke the water is pumped 
up to a height of 100 ft. above the end of the plunger. What 
forces are required to move the pump plunger during (i) an " out," 
and (2) an in-stroke (neglecting the forces to overcome friction). 

Amsweh.— (i)Pi = HiAW = 2o' x^x62S = 8e8 lbs. pull. 

(2) P, = H,AW = 100' X 77^ X 625 = 434 lbs. pressure. 

Force Pump with Air Tassel. — In the following figure of 
a force pump the only points of difierence worth noticing between 



FoBOB Pdkp with Am Tissbl. 
Indbx to Fabis. 

DV represente Delivery valve. 
S „ Slop for DV. 

Barrel of pomp. AV „ Air vessel. 

Plunger barrel. AC „ Air cock. 

Plunger rod, DP ., Delivery pipe. 
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it and the previous one are : — (i) The plunger, instead of being 
solid, is a hollow trunk or barrel, with the oonnecting rod fixed 
to an eye-bolt at its lower end. 

(2) The suction and the deliveiy valves are both at one side, 
instead of being fixed on opposite sides of the pump. 

(3) There is an air vessel. 

Actum ofl^ Air Vessel. — During the inward or delivery stroke 
of the plunger, part of the water forced from the barrel goes up 
the delivery pipe, and the remainder enters the air vessel, and 
consequently compresses the air in AV. During the out- 
ward or non-delivery stroke of the plunger the compressed 
air in the air vessel presses the rest of the water into the delivery 
pipe. In this simple way a continuous flow of water is main- 
tained in the delivery pipe, and with far less shock, jar, and noise 
than in the previous case. Where very smooth working is re- 
quired, an air vessel is also put on to the suction side of the 
pump. Should the air in the air vessel become entirely absorbed 
by the water, the fact will be noticed at once, by the noise and 
the intermittent delivery. Then the pump should be stopped, 
the air cock AC opened, and the water run out. When the air 
vessel is full of air, the air cock should be shut and the pump 
started again. 

Continuous-deliYery Fmnp without Air Vessel. — A 
fairly continuous delivery may be obtained by making the plunger 
of the piston form, and the pump rod exactly half its area, as 
shown by the accompanying figure. During the down stroke, 
half the water expelled by the piston from the under side of 
the pump barrel goes up the delivery pipe^ and the other half 
is lodged above the piston, to be in turn sent up the delivery pipe 
during the up-stroke. Where very high pressures are required, 
such as in the filling of an accumulator ram, pumps working on 
this principle, but of the following form, are frequently used. 
The action is precisely the same as in the one just described, and 
the same index letters have been used, so that the student will 
have no difficulty in understanding the figure; more especially 
as the directions of motion of the piston and of the ingoing and 
outflowing water have been marked by straight and feathered 
arrows respectively. Where sea or acid water is used it may be 
necessary to fit the pump barrel, PB, with a brass liner, L, to 
prevent corrosion. 

In accumulator and other kinds of high-pressure work it is not 
advisable to use air vessels, because you cannot prevent the water 
which enters the vessel absorbing air and carrying the same with 
it to the hydraulic machines, where its presence would be most 
objectioimbley and because with, say, 750 to 1000 or more lbs. 
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CoNTIBTJOua-DBLlVKBY FOBCB PuMP WITHOUT AlB VEI8SXL. 



IHDBZ T 


o Paets. 




DV Tepresents Delivery valve. 


SV „ Suction valve. 


CO ,, Cover and check tc 


CC „ Cover and cbeok to 


DV. 


SV. 


DP „ Diachatge pipe. 


P „ PiBtOD. 


8B „ Stuffing.boi. 


EB „ Pnmp-rod. 


G „ Gland. 



CONTIHDOUS-DXLIVERT FOSCE PUMP. 

&A used in CoDDectiou with the ArmstiDng Accnmnlator. 
(&e Indeatt lopreviotu Figarei.) 
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pressure per square inch, you would require a very large and very 
strong air vessel before it could be of any service. If a pressure 
of only 750 lbs. per square inch were used, then, since the normal 
pressure of the atmosphere is 15 lbs. per square inch, the air in 
the air vessel would be compressed to -7^, or ^V^h of its original 
volume, in accordance with Boyle's law. Consequently, with an 
air vessel of 50 cubic feet internal capacity^ there would be only 
I cubic foot of air in it, when the pump was in full a,ction. 

Combined Plunger and Bucket Pump. — We have already 
seen that a suction pump discharges water during the outward 
stroke, and that a plunger pump discharges water during the 
inward stroke ; consequently, by combining these two kinds, we 
get a double-acting pump. By making the cross area of the 
plunger half that of the barrel, half the water raised by the 
bucket during the up-stroke goes into the delivery pipe, whilst 
the other half fills the space left by the receding plunger. During 
the down-stroke the plunger forces the latter half up the delivery 
pipe. We do not happen to have a figure with which to illus- 
trate these remarks, but if the student will first of all sketch a 
complete vertical section of a suction pump like that shown by 
the first figure in this lecture, and then draw a soKd plunger, with 
stuffing-box and gland, like that in the second figure, in place of 
the pump rod and open cover in the suction pump, it will form a 
useful exercise in the designing of such a pump. 

Double-acting Force Pump. — The pumps which we have 
hitherto considered are all single-acting in this sense, that they 
do not both suck and discharge water during every stroke. This 
can, however, be accomplished by having two sets of suction and 
delivery valves placed at each end of the pump barrel, as shown 
by the accompanying figure. Then, during the outward stroke of 
the piston the pump draws water from the source of supply 
through the inlet pipe and suction valve SY^. At the same time 
the piston forces the water in front of it through the delivery 
valve DY, and outlet pipe. During the inward stroke, suction 
takes place through SY^ and discharge through DY^, all as 
clearly shown by arrows m the drawing. The valves are pro- 
vided with india-rubber cushions, IB, to ease the shock and mini- 
mise the jarring noise due to their reaction and natural reverbe- 
ration when they are suddenly opened and closed. 

Example III. — In a double-acting force pump the vertical 
height from the surface of the well to the point of delivery is 
100 feet. If the area of the piston equal i square foot, what is 
the stress on the piston-rod during each stroke ? 

Answer. — Here we need not distinguish between the force 
required during suction and delivery, for both actions take place 
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during each stroke. We have only to deal with the net force 
required to elevate a column of water t-o a height of loo foet. 



DouBLBACTiMG FOECE Pump." 
Indbx to Pabts. 

8V, 8V, repiesent Snction toIvcb. I B represents Barrel (liner). 
DV, D^ „ Delivery vaJvea. F „ Piston (solid). 

IB „ Indiarabber PK „ Piston -rod. 

cDshions. | 

Neglecting friction, the Btress on the piston rod will therefore 
be the weight of a column of water of height loo' and cross 
area = i sq. ft. 

• •. P = HAW = loo' X i' X 625 = 6260 lbs. pull and push. 
If 30 per cent, of the force applied be spent in oyerconutig 
friction, what will then be the streaa on the pump-rod. Here 
6250 is only 70 per cent, of the whole stress, for 30 per cent, of 
the whole is lost force. 

.-. 70 : 100: L 6250:* 

X = ^50 ^ '0<> = 8828'6 lbs. pull and push. 

70 

" We are indebted for the above figure to Professor H. Robinson's book 
on " Hydraulic Machinery," pnblished by Messrs. Charles Griffin k Co. 
Students should refer to Lecture XXIV. of the Author's Elementary 
Manual on " Steam and the Steam Engioe " for detailed illustrations and 
description of the air and circulating pumps of the S3. " St. Bognvald." 
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LeOTUBB XIX.— QUBSTIONa 

1. Bxplain the manner in which the pressure of the atmosphere is made 
serviceable in the case of the common suction pump. Sketch and explain 
by an index the details of this pump. 

2. DescribCi with a sketch, an ordinary suction or lifting pump, and ex- 
plain its action. If the diameter of the bucket is 4', and the spout is 2d 
above the free surface of the well, what is the tension on the pump-rod in 
the ivp-stroke 7 Ans. 109 lbs. 

3. Sketch and describe a force pump, drawing a section so as to show 
the packing of the plunger and the construction of the valves. How is an 
air-vessel applied to such a pump 7 Why is the air-vessel dispensed with 
when pumping water into an accumulator 7 (S. and A. Exam. 1890.) 

4. Explain the use of an air-vessel in connection with a force pump. 
Sketch a section through a double-acting force pump, showing the valves 
and the connection of the pump with the air-vessel, and explain the action 
of the pump. (S. and A. Exam. 1887.) Water is forced up to icx) feet 
above the air-vessel; what proportion of the volume of the air-vessel is 
occupied with water, and what is the pressure of the air therein 7 Ans* 
65*4 per cent. ; 43*35 lbs. per sq. in. above the atmospheric pressure. 

5. The leverage to the end of the handle of a common force pump is five* 
times that to the plunger, and the area of the plunger is 5 square inches ; 
what pressure at the end of the lever handle will produce a pressure of 
45 lbs. per square inch on the water within the barrel 7 Ana, 45 lbs. 

6. A force pump is used to raise water from a well to a tank. The 
piston has a diameter of 1*6'', and is 2d above the free surface of the water 
in the well, and 40' below the mouth of the delivery pipe leading into the 
tan^. find the force required to work the pump — (i) Neglecting friction; 
(2) when 30% is spent in overcoming friction ; (a) when sucking, (() when 
forcing, (e) what is the work put in and got out per double stroke of 6" f 
Ans. (a) (I) 17-45 lbs. ; (2) 24*93 lbs. ; (0) (i) 34-9 lbs. ; (2) 49-86 lbs. ; (c) 
37-39 ft. -lbs. ; 26-17 ft. -lbs. 

7. What is the difference between a double-acting and a single-acting 
pump 7 The area of the plunger of a force pump being 3 square inches, 
find the pressure upon it when water is forced up to a height of 20^. 
Ant, 26*04 lbs. 

8. Describe, with a sketch, some form of pump which will deliver half 
the contents of the barrel at each respective up-stroke and down-stroke of 
the pump-rod. Name the valves. (S. and A. Exam. 1892.) 

9. Sketch and describe a " double^cting force pump. If the diameter 
of the piston be 12*, the stroke 3^, the distance from pump to well 20^, 
from pump to position for delivering the water 40^, and if the number of 
strokes per minute be 40, what is (i) the theoretical horse-power required 
to work the pump, (2) the actual, if 30 per cent, of the power be spent 
against friction. Am. (i) 10-71 ; (2) 15-3. 

10. What is the difference between a single and a double acting pressure 
pump 7 Sketch in section a double-acting force pump for working at high 
pressure, showing the arrangement of valves, and indicate of what material 
the seveial parts should be constructed. (S. and A. Exam. 1893.) 

11. Sketch and describe the construction and action of some form of 
pump by which you could raise water from a well where the level of the 
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frater is 45 feet below the surface of the gronncL Explain fully where jou 
would fix the pump, and give reasons for the arrangement which you 
propose to adopt. (8. & A. Exam. 1895.) 

12. Sketch in section and describe the action of the ordinary lifting 
pump. In such a pump the pump rod is 2 inch in diameter, and the pump 
barrel is 5 inches in diameter, while the spout at which the water is 
delivered is 20 feet above the surface of the pump bucket when the latter 
is at its lowest point ; what would be the maximum tension on the pump 
rod in the upstroke of the pump, neglecting the weight of the pump rod 
and the pump bucket (the weight of a cubic foot of water is 62*5 lbs.)? 
(S. k. A. Exam. 1896.) 

13. Describe the construction -and action of an ordinary suction pump 
for raising water from a well. If 200 gallons of water are raised per hour 
from a depth of 20 feet^ and if the efficiency of the pump is 60 per cent., 
what horse-power is being given to the pump f (S. & A. 1899.) Ant. '034. 
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LECTURE XX 

GOKTENTfiU — Bramah's Hydraulic Press — Bramah's Leather Collar Pack 
ing — Examples I. II. — Large Hydraulic Press for Flanging Boilei 
Plates — The Hydraulic Jack — Weem's Compound Screw and Hydraulic 
Jack — Example III. — The Hydraulic Bear or Portable Punching 
Machine — The Hydraulic Accumulator — Example lY. — Questions. 

Bramah's Hydraulic Press. — ^This useful machine was in- 
vented by Pascal, but he could not make the moving parts water- 
tight. Bramah, about the year 1 796, discovered a means by which 
this difficulty was effectually overcome ; and thus the instrument 
has been handed down to us under his name. As may be seen 
from the following figure, it consists of a single-acting force pump 
in connection with a strong cylinder containing a plunger or ram, 
which is forced outwards from the cylinder through a tight collar 
by the pressure of the water delivered into the cylinder from the 
force pump. 

Erom what was said in Lecture XIX. about force pumps, we 
need not particularise about this part of the machine, except to 
say that the suction and delivery valve boxes can be disconnected 
from the pump, and the valve cover-checks removed at any time 
for the purpose of examining the parts, or of regrinding the 
valves into their seats. The plunger extends through a stuffing- 
box and gland filled with hemp packing, and is guided by a cen- 
trally bored bracket bolted to the top flange of the pump. The 
lever fits through a slot in this guide-bar, whereby it has an easy 
free motion, when communicating the force applied through it to 
the pump plunger. The relief -valve RV has a loaded lever, ad- 
justed like the lever safety valve in Lecture lY., so as to rise and 
let the water escape when the pressure exceeds a certain amount. 
It may also be used for taking the pressure of the object under 
compression, or for lowering the ram B by simply lifting the 
little lever and pressing down the table T, when the water flows 
easily from the cylinder, and out of DP by the relief valve. The 
delivery pipe DP is made of solid drawn brass, and the ram 
cylinder is carefully rounded at the bottom end, instead of being 
flat, in order that it may be naturally of the strongest shape.* 

* Fn the case of large cylinders for very great pressures, the lower or 
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rhe guid» piUars are securely bolted to tlie base B by nuta and 
iron waahera, not Bhown. The cup leather packing CL deaepves 
special attention, because it formed the chief impTovement by 
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PresBnte on L at A. 


BV 


Relief valve. 


P 


„ Fulornm of L. 


DP 




B 


„ L'h connection with 


EC 


R^ cylinder. 




plunger's guide- 


R 


Ram or plunger. 




rod. 


CL 


Cup leather packing. 


PP 


„ Pump plunger. 


T 


Top, table, or T piece. 


Q 


„ Reaction or stress 


w „ 


Weight Ufted, or 




on plunger PP. 




to^ pressure on R, 


PB 


„ Pump barrel. 


CO 


Cross girder. 


JP 


„ Inlet pipe. 


GP 


Guide pillars. 
Base block. 


SV 


„ Suction valTe. 


BB 



inner end of the cylinder should be carefall; rounded off, both inside and 
outside. For, if left square, or nearly square, the crystals formed in 
the casting of the metal naturally arrange themselves whilst cooling in 
snch a manner as to leave sn initial stress, and consequent weakness, invit- 
ing tractnre along the lines joining the inside to the outside corners 
of the cylinder end. The severe shocks and stresses to which this weak 
line of division is subjected during the workiiw of the press would sooner 
or later force out the end of the cylinder, in the shape of the frustmm of 
a cone, unless the cylinder had been made unnecessarily thick and strong 
at the bottom end. 
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firamah oa Pascal's press. It cooBiats of a leather collar of f| 
section, placed into a cavity turned out of the neck of the cylinder, 
and kept there hy the gland of the cylinder cover. The following 
figure shows an enlarged section of Bramah's packing suitable for 
a huge press, where the desired shape of the leather collar LC 
is maintained by an internal bra£s ring, BH, and an outside metal 
' guard ring OB, resting on a bedding of hemp H. It will be 
observed at once, from an inspection of this figure, that the water 
which leaks past the easy fit between the plunger or ram B, and 
the cylinder C, presses one of the sharp edges of the leather collar 
against the ram, and the other edge against the side of the bored 
cavity in the neck of the cylinder, with a force directly propor- 
tional to the pressure of the water in the cylinder. By this simple 
automatic action, the greater the pressure in the cyHnder the 
tighter does the leather collar grip the ram and hear on the 
cylinder's neck, 

Bramah's Leather Collar Packing. — This collar- is made 
from a flat piece of new strong well-tanned leather, thoroughly 
soaked in water, and forced into a metal mould of the requisite 
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R representa Ram, I SR represents Brass ring. 

C „ Cylinder. GK „ Guard ring. 

Q „ Gland of C. H „ Hemp bedding, 

LC „ Leather collar. | 

size and shape until it has assumed the form of a (J collar. The 
central or disc portion of the leather is then cut oat, and the (ir- 
cular edges are trimmed up sharp in the bevelled manner shown 
by the above figure. ' p 
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Formula for the Pressure on the Bam of a Bramah Press. 

-— Beferring again to the first figure in this Lecture, it will be 
found that by taking moments about the fulcrum at F, we obtain 
the pressure or reaction Q on the plunger of the force pump 
Therefore, neglecting weight of lever and friction, we get — 

PxAF-QxBF. .•. Q = -^jr- 

Further, by Pascal's law for the transmission of pressure by liquids, 
enunciated in Lecture XYII., we know that the statical pressure 
Q is transmitted with undiminished force to every corresponding 
area of the cross section of the ram. 

Or, . . Q : W : : area of plunger : area of ram. 

•*• W X area of plunger *> Q x area of ram. 

Wx7rr*-QxirB" 

Where r= radius of plunger, and R= radius of ram, both in the same uni«. 
Substituting the previous value for Q, and dividing each side of the equa- 
tion by r, we get — 

rrr ^ PxAF ^. 

Wxr>--gj^xB« 

Since the radius of a circle is directly proportional to its diameter, we 
may write the formula thus, where D is the diameter of the ram and d the 
diameter of the plunger, both in the same unit — 

PxAF D^ 

^" BF ^ d" 

Example I, — In a small Bramah press, P= 50 lbs., AF = 20 in., 
BF= 2 in., area of plunger = i sq. in., whilst area of ram ^ 14 sq. 
in. Find W, neglecting friction and weight of lever. 

Answeb. — By the above formula — 

™ PxAF irB" 
^"- BF-><1S^ 

Bubitituting co y 20 ta 

▼alues, we geir- -^„ 5oxzo ^ £4^ ^qqc Iba. 

2 I 

Example IL — In Bramah's original press at South Kensington 
the plunger is 2!' ^ diameter, and it acts at a distance of 
6 inches from the fulcrimi, which is at one end of a lever 10 feet 
3 inches long, carrying a loaded scale-pan at the other end. 
What should be the pressure of the water in the press in order to 
lift a weight of 3 cwt. in the scale-pan, neglecting the weight of 
the lever ? Make a diagram of the arrangement. (S. and A. 
Exam. 1892.) 
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Anbweb. — Here ci= 3 in., consequently the area of the plunger 

= -<p = -78s4X3"x3"=7sq. in.; BF=6''; AF=io' 3''=i23"; 

4 
P = 3 cwt. = 3x112 = 33 6 lbs. ; and we have to find the pressure 

per sq. in. on the ram that will balance P, acting with the stated 

advantage, since the area of the ram is not given. 

By the above formula — 

W=^^ X area of i sq. in. ^336^1^3' x 13Sl^= 984 lbs. per sq. ta. 

BF area of plunger 6" 7 sq. in. 

Large Hydraulic Press for Flanging Boiler Plates, &c. — 
As an example of the practical application of the Bramah press 
to modern boiler-maMng, the accompanying illustration shows 
the form which it takes when worked by a high-pressure water 
supply derived from a central accumulator, which may at the same 
time be used to work cranes, punching, riveting, and other similar 
machine took, in the same works. 

The operation of flanging, say the end tube-plates of the cylin- 
drical barrel of a locomotive boiler, is carried out in the following 
manner : — The ram B. is lowered to near the bottom of the 
hydraulic cylinder HO, thus leaving room to place l^e boiler 
plate (which has been heated all round the outside edge) on the 
movable table T,. High-pressure water is then admitted from 
the central accumulator to the auxiliary cylinders AC, thus forc- 
ing the side rams SR, SB, with their table T„ and the plate P, 
vertically upwards, until the upper surface of the plate bears hard 
against the bearers B, B, or internal part of the dies. Water 
from the same source is now admitted into the hydraulic cylinder 
HO, which forces up the ram R, with its table Tj, supporting 
columns SO, SO, and the external part of the dies D, D, until 
the latter has quietly and smoothly bent the hot edge of the 
plate round the curved corner of the internal bearer B, B. The 
rdm R is now lowered, carrying with it the table T^ and dies 
D, by letting out water from HO, and then the table T„ with 
the flanged plate, are lowered by letting out water from AO. The 
plate is removed from its table, allowed to cool, placed in position 
in the barrel of the boiler, marked off for the rivet holes, drilled 
and riveted in the usual manner. The student will now under- 
stand what a useful and powerful servant a hydraulic press is to 
the engineer in the hands of a skilful workman, for it can be 
made to do work in the manner indicated above in far less time, 
and with far greater certainty of uniformity and exactitude, than 
the boiler-smith could turn out, with any number of hammermen 
to help him. It is fast replacing, the steam-hammer for cressing 
work| and the steam or belt-driven punching and riveting 
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lulBQE HTDRAOLIC PBEBS FOB TIaASQISQ BOILEB PlATBS.* 

* The above figure is a reduced oopy of one from Prof. Henr; Bobinson's 
book on '' Hydraulic Machinerj," published by Messrs. Charles Griffin & 
Co., but it has been indeied according to the Author's style of spmbob, 
and described in an elementary manner. 
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INDBX TO PABTS. 

HO represents Hydraulic cylinder. 

R „ RamofHC. 

0, G ft Columns supporting Y. 

Y „ Yoke or cross-head. 

£B „ Bearers of the internal die ring. 

P M Plate to be flanged. 

DD „ Dished die or external die ring. 

80 „ Supporting columns for DD. 

T, „ T-piece or movable table for DD. 

T, „ T-piece or movable table for P. 

SB „ Side rams for T« 

AO ,, Auxiliary cylinders. 

machines, the steam screw and wheel-gear worked cranes, screw 
and wheel-gear hoists, as well as the screw press for making up 
bales of goods mentioned in Lecture XY. For with it, you can 
bring to bear a force of a few pounds on the square inch or as 
many tons, by merely turning the handle of a small cock, and 
with a certainty of action unattainable by any other means. 

The Hydraiilio Jack is a combined hydraulic press and force 
pump, arranged in such a compact form as to be readily portable, 
and applied to lifting heavy weights through short distances. 
It therefore effects the same objects as the screw-jack described 
in Lecture XY., but with less manual effort or greater mechanical 
advantage. 

The base on which the jack rests is continued upwards in the 
form of a cylindrical plunger, so as to constitute the ram of 
the hydraulic cylinder HC. Along one side of this ram there is 
cut a grooved parallel guide slot GS, into which fits a steel set 
pin, screwed through the centre of a nipple cast on the side of the 
cylinder (not shown in the drawings) for the purpose of guiding 
the latter up and down without allowing it to turn round. The 
top of the ram is then bolted with a water-tight cup leather CL, 
by means of a large washer and screw-bolt. 

The action of this cup leather is precisely the same as the 
leather collar in the cylinder of the Bramah press already de- 
scribed ; but it has only to be pressed by the water in one direction 
— viz., against the sides of the truly-bored cast-steel cylinder, 
instead of against both the ram and the cylinder neck, as in the 
previous case. The head H and upper portion of the machine is 
of square section, and is screwed on to the hydraulic cylinder in 
the manner shown by the figure. It contains a water reservoir 
WR, which may be filled or emptied through a small hole by 
taking out the screw-plug SP.* In the centre line of the head- 

* This screw plug SP is slackened back a little to let the air in or oofc 
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piece there is placed a small force pump, the lower end of which 
is screwed into the centre of the upper end of the hydraidic cylin- 
der. This pump is worked by the up-and-down movement of a 
handle placed on the squared outstanding end of the turned crank 
shaft GS. To the centre of the crank shaft there is fixed a crank 
C, which gears with a slot in the force-pump plunger P, and thus 
the motion of the handle is communicated to the pump plunger 
in a reduced amount^ corresponding to the inverse ratio of the 
lengths of the handle and the crank from the fulcrum or 
centre of the crank shaft. By comparing the right-hand section 
of the water reservoir, and the section on the line AB, with the 
vertical left-hand section of the jack, it will be seen where the 
inlet and delivery valves lY and DY are situated. On raising 
the pump plunger F, water is drawn from WB into the lower 
end of the pump barrel through lY, and on depressing the 
plunger this water is forced through the delivery valve DY into 
the hydraulic cylinder, thus causing a pressure between the upper 
ends of the cylinder and the ram, and thereby forcing the cylinder, 
with its grooved head H, and footstep S, upwards, and elevating 
whatever load may have been placed thereon. Both the inlet and 
outlet valves are of the kind known as " mitre valves." They 
have a chamfer cut on one or more parts of their turned spindles, 
so as to let the water in and out along these channels. The yalves 
are assisted in their dosing action by small spiral springs SS, 
bearing in smaU cups or hoUow centres, as shown more clearly in 
the case of DY by the enlarged section on AB. 

Weems' Compoimd Sorew and Hydraulic Jack. — This is a 
jack combining some of the advantages of the ordinary screw-jack 
with those of the hydraulic one. It is often desirable to be able 
to bring the head or footstep into trial contact with the load 
before applying the water pressure. This can easily be done by 
turning the nut at the foot of the screw, cut on the ram of the 
jack. The arrangement will at once be understood from the 
figure. It will be observed that the load may also be lowered by 
turning this nut, or by the Ecrew-tap which permits water to flow 
from the cylinder back into the cistern, as in the previous case. 
The bottom nut may be screwed hard up to the foot of the 
hydraulic cylinder, so as to sustain the whole load, and thus 
prevent overhaiiling through leakage of the water. 

When it is necessary to lower the load or the head of the jack, 

of the top of the water reservoir when working the jack. There is gene- 
rally another and separate screw plug opening (as will be seen by the 
following figure of Weems' patent jack) for filling or emptying the water 
reservoir, quite independent of the above-mentioned one^ whioh is used ia 
this case for both purposes. 
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 " valve or lowering screw, k 
> as to permit the water to 
ram the hydraulic cjlinder 



: into the water reeervoir, a.1 
?\y shown by the drawing. 

I may be done very gently by 
)ly giving this screw a very 

II part of a complete turn ; 
ther words, by throttling the 
age between the hydraulic 
ider and the water reservoir, 
it may be done quickly by 
ling it through one or more 
ilutions. This passage can 
1 be closed by screwing the 
; home on its seat. 

ir. Croydon Marks, in his 
t on " Hydraulic Machinery," 
d:rates and describes another 
hod of lowering the jack-head 
it introduced by Mr, Butters, 
he Boyal Arsenal, Woolwich), 
ire, by a particular arrange- 
it, the inlet and delivery valves 
acted upon by an extra de- 
ssion of the handle, and conse- 
nt movement of the pump 
Qger. He also gives the main 
lensiona, with a drawing, of 
standard 4-ton pattern as uaed 
the British Government, where 
ram has a diameter D = 2", 
pump plunger a diameter 
i" ; and the ratio of the lever- 
of the handle to the crank is 
to I, Therefore from the 
vious formula we find that, 
"he Theoretical Advantage = 

W AF D^_|6 2"_e4 
P"Bf ^ ti»~ I '^i'" 1 
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And he instances two trials by Mr. W. Anderson, the Inspector- 
general of Ordnance Factories, to determine the efficiency of these 
jacks, where, with a pressure on the end of the working handle of 
76 lbs., the theoretioEd load should have been 76 lbs. x theoretical 
advantage » 76x64 = 4864 lbs., instead of which it was only 
3738 lbs.; 

•*• • . 4864 lbs. : 3738 lbs. : 100 : x 
Or, . . a?=^^3^^I££ = 770^ efficiency 

In a second trial, a load of 1064 lbs. required a pressure of 
22 lbs. on the handle, and consequently the efficiency at this 
lighter load, as might be expected, was less, or only 74 % . 

Example III. — ^With a hydraulic jack of the dimensions given 
above, and of 77 % efficiency, it is desired to lift a load of 
4 tons ; what force must be applied to the lever handle t 

Aksweb. — Pj the previous theoretical formula, 

^ P X AF D" 
^-^ -BF-"-4- 

, x> _ W X BF c? 
••^ AF~ ""55 

- ^L2L.^242_iLi X i! - 140 lbs. 

16 2 

But the efficiency of the machine is only 77%: consequently 
140 lbs. is 77 per cent, of the force required — 

.*. 77 : 100 :: 140 lbs. :a;lbs. 

X = ^40 X 100 „ 181.81 lbs. 
77 
The Hydraulic Bear, or Portable Punching Machine. — 
This is another very useful application of the hydraulic press and 
force pump. It is used in every iron or steel shipbuilding-yard 
and bridge-bmlding works. By comparing the drawing with the 
index to parts, and taking into consideration the fact that its 
construction and action are so very similar to the hydraulic jack 
already described in full detail, we need say nothing more than 
direct the student's attention to the action of the raising cam, 
and to the means by which the apparatus is lifted and suspended. 
In order to raise the punch for the admittance of a plate between 
it and the die D, the relief valve RV must first be turned back- 
wards, and the lever L depressed. This causes the comer of the 
raising cam BC to force the hydraulic ram HB upwards, and the 
water from the hydraulic cylinder HC back into the water 
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reserroir WK. The relief valve may now be closed and the plalie 
adjusted in position. Then the pump lever can be worked up 
and down until the punch F is forced through the plate, and the 
punching drops through the die D and the hole in Uie metal 
frame MF, on to the ground, or into a pail placed beneath to 
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INDKX ' 
fh repreaentB Pomp lever. 
CS ., Crank shaft. 

C „ Crank. 

PP ,1 Pomp plunger, 

WB „ Water reservoir. 
rv „ Inlet vfllte. 
DV „ Delivery valve. 

RV „ BeUef valve. 



1 Pakts. 

HC represents Hydranlic cylinder, 
"' Cup leather. 

Hjdraulio ram. 

RaJsine cam. 

Lever for BC. 

Die ring. 
Hetal frame. 



The whole bear is suspended by a chain (worked by a crane or 
other form of lifting tackle) attached to a shackle, whose bolt 
passes through a cross hole in the back of the metal frame MF, 
just above, but a little to the front of the centre of gravity of the 
machine. This hole and shackle are not shown in the drawing, 
but the student can easily understand that the hole would be 
boted a httle above where the letters BC appear on the side vitiw. 
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and that the chain would pass clear of the pump lever, since it 
works well to the right-hand side of the bear. 

The Hydraulic Acoiunulator. — ^The demand for hydraulic 
power to work elevators, cranes, swing bridges, dock gates, presses, 
punching and riveting machines, &c., being of an intermittent 
nature — at one moment requiring a full water supply at the 
maximum pressure, and at another a medium quantity, whilst in 
many cases all the machines may be idle — ^it is evident that if 
an engine with pumps were devoted to supplying this demand in 
a direct manner, the power thereof would have to be equal to the 
greatest requirements of the plant, and would have to instantly 
answer any and every call from the same. In the case of a low- 
pressure supply, as for lifts, this difficulty is best overcome by 
placing one tank in an elevated position at the top of the hotel or 
building where the lift is required, and another tank below the 
level of the lowest flat. Then a small gas engine working a two- 
or three-throw pump, or a Worthington duplex steam pump, may 
be used to elevate the water more or less continuously from the 
lower to the higher tank. The " head " of water in the elevated 
tank will, if sufficient, work the lift at the required speed, and 
the discharged water from the hydraulic cylinder will enter the 
lower tank, to be again sent roimd on the same cycle of operations. 
Should the lift be stopped for any considerable time, then a float 
in the upper tank, connected by a rope or chain with the shifting 
fork for the belt-driven pumps (in the case of the gas engine) 
will force the belt over on to the loose pulley, or shut off the steam 
from the Worthington pump. And when the water falls in the 
upper tank, the float will cause a reverse movement of the rope 
and shift the belt to the tight pulley, or open the steam valve, and 
so start the pmnps. When the pressures required are great, such 
afi for cranes, <&c., where 700 lbs. on the square inch is considered 
a very medium pressure, an elevated tank would be out of the 
question, for it would have to be fully 1600 feet high in order to 
exert this force and to overcome friction. Under these circum- 
stances recourse is had to a very simple and compact arrangement 
called an accumulator, of which a lecture diagram is herewith 
illustrated, without any details of cocks or valves, and automatic 
stopping and starting gear. A steam engine or other motor 
works a continuous delivery pump, of the combined piston and 
plunger type, without the aid of an air vessel, a£> illustrated by 
the fourth and fifth figures in Lecture XIX. The water from the 
pump enters the left-hand branch pipe leading into the foot of 
the accumulator cylinder, and forces up the accumulator ram with 
its cross head or top T piece, and the attached weight or dead 
loads until the ram hsu3 reached nearly to the end of its stroke. Then 
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the top of the T piece or a projecting bracket on the side of the 
wrougbt-irou cylinder cont^ning the dead load, eDgagee with 
and lifts a email weight attached to a chain pasang over a pulley 
fixed to the guide frame or to the wall of accumulator house. 
This chain is connected directly to the throttle valve of the steam 
engine supply pipe, or to the 
belt shifting gear (if the 
pump is driven by belt gear- 
ing), and being provided with 
a counter-weight, the motor 
and pump are automatically 
stopped by the raising of the 
weight and the chain in the 
accumulator house. Should 
a the water which has been 

J forced into the accumulator 

cylinder be now used by a 
:| crane or other machine, the 

^ load on the ram causes it to 

follow up and keep a constant 
pressure per square inch on 
the water. The starting 
weight naturally falls as the 
receding T piece or bracket 
descends, thus pulling the 
From starting chain, and opening 

Pump the steam engine throttle 

valve, or shifting the belt 
from the loose to the fixed 
pulley, and again setting the 
pump to work. Should the 
hydraulic machines be work- 
ing continuously, then the 
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AC for Accnmnlator cjlinder. 
AP „ Accumulator plunger or ram, 

W „ WdijM or lojd ooDtalnedinm " j^ ]j j ^ ,„ j^, 
annnlar cjlindcr 01 wronght "^ . " f T. " " ,. 



aspended fromthe w***"" "°'^ ^* P*^^ directly 

top ot T-piece or croBshead. on to the machines, and only 

the surplus water finds its 

way into the accumulator cylinder if the pump's supply exceeds 

the demand of the machines for water. 

The annular cylinder of wrought iron is generally filled with 
scrap iron, iron slag, or sand, or other inexpensive weighty 
material. The accumulator cylinder AC has a stuffing-box and 
gland at its upper end, A coil of hemp woven into a firm rect- 
angular section and smeared with white lead is placed in the 
bottom of the stufGng-box. The gland is screwed down on the top 
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of this packing until the normal pressure of the water in the 
cylinder cannot leak past it. Cup leather packing is seldom used 
for this simple form of accumulator ; just the ordinary packing 
that would be used for pump rods is found to answer all re- 
quirements. This is the simplest form of accumulator which 
we have described, but it requires the greatest load for a certain 
hydraulic pressure per square inch. There are several other forms 
of accumulators, and several most interesting appliances such as 
capstans, cranes, bridges, punching and riveting machines, &c»f 
are worked by them, which we would have liked to have described 
here, but the limits of our space and the complexity of their 
construction necessitate our deferring this pleasure to our Ad- 
vanced Course. 

Example IY. — Describe and sketch in section a hydraulic 
accumulator, showing how the ram is kept tight in the cylinder. 
A hydraulic press, having a ram 16 inches in diameter, is in con- 
nection with an accumulator which has a ram 8 inches in diameter 
and is loaded with 50 tons of ballast ; what is the total pressure 
on the ram of the press ? (S. and A. Exam. 1892.) 

Answer. — The first part of the question is answered by the 
previous figure and by the text. 

By Pascal's Law the pressure per square inch in the accumulator 
is equal to the pressitre per square inch in the hydraulic press. 
Consequently — 

Total Pressure on Press _ Cross Area of Press 
Total Load on Accumulator Cross Area of Accumulator 



50 tons 



^ X i6« /-? X 8» .i6« 
4 / 4 8* 

_ 50x16x16 «^^ ^ 
••• P«^ — Q — Q — - = 200 tona 
0X0 
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Lbctube XX.— Qubstiokb. 

1. Draw a section throngh a hydrostatio press, showing the cylinder, 
ram, and force pump, together with the valves. Why is the base of the 
cylinder of a large press ronnded instead of being flat as in a steam 
cylinder 7 If the diameter of the ram is 9 times that of the force pnmp, 
and if Q be the pressnre on the pnmp, what is the pressnre exerted by the 
ram, neglecting friction 7 Ans. 81 P. 

2. Explain by aid of a sketch the mode of packing the ram of a hydraulic 
press and explain how it acts. The force which actuates the force pump 
is applied at the end of a lever giving a mechanical advantage of 14 to i, 
and the area of the plunger of the pump is i square inch. What pressu/e 
must be applied to the eud of the lever to produce a pressure of I ton per 
square inch on the water enclosed in the press 7 Ans. 160 lbs. 

3. In the force pump of a press the area of the plunger is ^ of a square 
inch, the distance from the fulcrum of the lever handle to the plunger is 
2 inches, and the distance from the fulcrum to the other end of the lever 
is 2 feet ; what pressure per square inch is exerted on the water under- 
neath the plunger, when a weight of 20 lbs. is hung at the end of the lever 
handle 7 Ans. 720 lbs. per square inch. 

4. In what way do you estimate the theoretical advantage gained by the 
nse of the hydraulic press ? In a small press the ram is 2 inches and the 
plunger J inch in diameter ; the length of the lever handle is 2 feet, and 
the distance from the fulcrum to the plunger is i} inches. Find the 
pressure exerted on the ram when 10 lbs. is hung at the end of the lever. 
Ans, 2560 lbs. 

5. In an hydraulic press with two pumps the plungers are 2^ and i inch 
in diameter, and each is worked by a similar lever, which is acted on by 
the same force. When the larger pump alone is at work the pressure on 
the ram is 40 tons ; what will it be when the smaller plunger is only work- 
ing? ^n«. 250 tons. 

6. An hydraulic press, which is used for making lead pipes, has a ram 
20 inches in diameter, while the ram which presses the lead is 5 inches in 
diameter. Find the pressure per bquare inch on the lead when the 
hydraulic gauge indicates i ton per square inch. Sketch a sectional 
elevation of the press, and show the packing of the hydraulic ram. 
(S. and A. Exam. 189 1.) Ans. 16 tons. 

7. How is the pressure taken off the object under compression when 
required, in a hydraulic press 7 Sketch the arrangement. What is the 
proportion of the diameters of the plunger and ram when the theoretical 
advantage gained . thereby is 100 to i, neglecting friction 7 (S. and A. 
Exam. 1888.) Ans. i to la 

8. Make a rough sketch, and write a short description of the hydraulic 
lifting jack. It may be arranged on any system that you are acquainted 
with. Show clearly how the valves act and how the jack is lowered. 

9. Sketch and describe the hydraulic bear or portable punching machine. 
Explain how the punch is raised and how the tool is handled. 

ID. Sketch and describe the construction of a vessel suitable for storing 
up a supply of water under pressure, and intended for actuating hydraulic 
machinery. If the plunger of this vessel be 17 inches in diameter, what 
load will bring the pressure of the water to 700 lbs. per square inch t 
Ans. 158,950 lbs. 

II. Sketch and describe the hydraulic accumulator for storing up water 
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nnder pressnra If the ram of the accnmolator be 6 inches in diameter, 
what load will be required to produce a water pressure of 500 lbs. <»i the 
square inch? To what head of water would this pressure correspond? 
(S. and A. Exam. 18S7.) Ans. 14,142*8 lbs. and 1152 feet. 

12. An hydraulic accumulator, with a ram of 16 inches in diameter, is 
connected with an hydraulic press whose ram is 26 inches in diameter. 
The load on the accumulator is 80 tons; what force would the press 
exert? Hake a vertical section through the accumulator, showing its 
oonstmeHos. (S. and A. Ihoun. 1889.) Ans. 211*25 ^Q"* 

13. Make a sectional sketch of a hydrostatic press suitable for giving^ 
a pressure of 100 tons, showing the valves and pump and by what con- 
trivance the leakage of water is prevented. 

The pump for such a press hais a cylindrical plunger i inch in diameter 
with a lever of 10 to i, what should be the least diameter of the ram 
which would give 100 tons pressure when a force of 56 lbs. was applied at 
the end of the pump lever? What form is most suitable for the base of 
the ram cylinder, and for what reason is a special form adopted ? (S. and 
A.BzEun. 1893.) .4jw. 20 InchML 

14. Sketch and describe any tool used by riveters and worked by water 
pressure. (S. E. B. 1902.) 

15. The pressure of water in a hydraulic company's main is 750 lb. per 
square inch, and the average flow is 25 cubic feet per minute. What 
horse-power does this represent ? If the charge for the water is twopence 
per 100 gallons, what is the cost per horse-power hour ? (S. E. B. 1902.) 
Ans, 8 1 -8; 2 •3d. 

16. Distinguish between the velocity ratio and the mechanical advantage 
of a machine. In a hydraulic lifting jack the ram is 6" in diameter, the 
pump plunger is J" diameter, the leverage for working the pump is 10 to i. 
What is the velocity ratio of the machine ? Experimentally we find that 
a force of 20 lbs. applied at the end of the lever lifts a weight of 8500 lbs. 
on the end of the ram. What is the mechanical advantage of the machine 7 
(S. and A. 1899.) Ans. 470 ; 425. 

17. A hydraulic crane is supplied with water at a pressure of 700 lbs. 
per square inch, and uses 2 cubic feet of water in order to lift 4 tons 
through a height of 12 feet. How much energy has been supplied to the 
crane ? and how much has been converted into useful work ? (S. and A. 
1899.) Ans, 201,600 ft. -lbs. ; 107,520 ft. -lbs. 

18. Sketch and describe the construction and working of any hydraulic 
accumulator with which you are acquainted. If an accumulator has a ram 
20'' diameter with a lift of 15', and the gross weight of the load lifted is 
130 tons, what is the pressure of water per square inch and the maximum 
energy in ft. -lbs. stored in the accumulator, neglecting friction ? (S. E. B. 
1900.) Ans, (i) 927 lbs. (2) 4,368,000 ft.-lbs. 

19. A single-acting hydraulic engine has three rams, each of 3 inches 
diameter : common crank 3 inches long ; pressure of water above that of 
exhaust 100 lbs. per square inch ; 100 revolutions per minute ; no slip of 
water. What is the horse-power ? If this engine does 2*15 horse-power 
usefully by means of a rope, what is the efficiency? (S; E. B. 1901.) 
Ans, '67. 
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Contents.— Motion and Velocity — Uniform, Variable, Linear, and Angular 
Velocity — Unit of Velocity — Acceleration — Unit of Acceleration — 
Acceleration dne to Gravity — Graphic Kepresentation of Velocities — 
Composition and Resolation of Velocities — Newton's Laws of Motion 
— Formulas for Falling Bodies — Formulas for Linear Velocity — with 
Uniform Acceleration — Centrifugal Force due to Motion in a Circle — 
Experiments L II. III. — Example I. — ^Balancing High-speed Machinery 
— Centrifugal Stress in the Arms of a Fly-wheel — Example II. — 
Energy — Potential Energy — Kinetic Energy — ^Accumulated Work — 
Accumulated Work in a Kotating Body — The Fly-wheel — Radius of 
Gyration — Example III. — The Fly Press — Example IV. — Momentum 
~ Examples V. VL and VII.— Questions 

Motion and Velocity. — (i) Motion is the opposite of rest^ for 
it signifies change of position. 

(2) Velocity is the rate at which a bodjr moves, or rate of 
motion. It is considered ahaolute when it is measured from some 
fixed point, and relative if it refers to another body in motion at 
the same time. 

(3) Unifcrm Velocity takes place when the rate of motion does 
not change- —i.e., when the body moves over equal distances in 
equal times. 

(4) Vomahle Velocity takes place when the rate of motion 
changes — i.e., when a body moves with either a constantly in- 
creasing or decreasing velocity. For example, a stone pitched 
into the air rises with a gradually decreasing velocity, but falls 
with a gradually increasiAg rate of motion. 

(5) The Unit of Velocity is the velocity of a body which moves 
through unit distance in unit time. The British unit of velocity 
is therefore i foot in i «eoonc?. In physical problems velocity is 
generally expressed in feet per second, but for convenience the 
engineer reckons the piston speed of engines in feet per minv^^ 
and the public speak of the speed of a man walking, of a horse 
trotting, or of a train, in miles per hour. 

(6) Linear Velocity is the rate of motion in a straight line, and 
is measured, as we have just stated, in feet per second or per 
minute, or in miles per hour. 

If » = the velocity ; I = the distance ; and t = the time— 

I I 

Thent; = -; ovl = vt\ OTt^l. 
i V 
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(7) Angtdar Velooiiy is the rate at which a body deseribes an 
angle about a given point — ^for example, the number of revolu- 
tions per minute of a pulley ; but angular velocity may also be 
measured by the feet per second or per minute which a point at 
a known distance from the centre of motion moves, 

(8) Acceleration, — In the case of variable velocity, the rate of 
change oj the velooUy is termed the acoelercttion, and may be either 
positive or negative — i.e., it may be an increasing or a decreasing 
rate. 

(9) The Umt of Acceleration is that acceleration which imparts 
unit change of velocity to a body in unit time ; or in this country 
it is an a^sderation of i foot per second in one second. 

(10) The Aoceleration due to Gravity is considerably greater 
than the above unit, and varies at different places on the earth's 
surface. At Greenwich it is 32*2 feet per second in one second. 
In Elementary Applied Mechanics questions we will indicate it by 
the symbol g^ and consider ^ = 32 feet per second vn one second. 

Graphic Bepresentation of Velocities. — ^The ^r^^or velocity 
of a point (such as the eg, of a body) may be represented in the 
same way as we have hitherto represented a force. A line drawn 
from a point with an arrow-head indicates the direction of motion, 
and the length of the line to scale the magnitude of the velocity. 
(See p. 3, Lecture I.) 

Composition and Besolution of Velocities. — ^Velocities 
may be compounded and resolved in exactly the same way as we 
treated forces by the parallelogram and triangle of forces, <Sk;., 
in Lecture VIII. 

Newton's Laws of Motion. — I. A body in moUon, and not 
acted on by a/ny external force^ wiU continue to move in a st/raiglU 
line and with vmforvn vdocity, 

II. When a force acts upon a body in motion, the change produced 
in the qtumtity of motion is the same, b^th in magnitude and 
direction, as ifthejorce acted on the body at rest. 

The change in the quantity of motion is therefore proportional to 
the force applied, and takes plcuse in the direction of iha,t force,* 

III. If two bodies mutnaUy act upon each other, the qttomtities of 
motion developed in each in the same time are equal cmd appetite. 

Or, Action and reaction are equal avd opposite. 

These three laws were first stated clearly by Sir Isaac Newton 
as the result of imkictive reasoning. Having observed certain 
facts, he set about investigating what would be the consequence 
if his conjectures as to these facts were applied to particular 

* Here ** quantity of motion " means *' momentom,*' or mass x velocity. 
• * • Quaufeity of motion or momentum as WW^* ^ 
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cases. Finding that his estimate of the probable result came 
true, he formulated a general law in accordance with his observa- 
tions and reasonings. 

Tlie student has already conceived the truth of the first and 
third laws in the reasonings and applications of force to matter, 
treated of in the previous Lectures. We will now give in as 
brief a form as possible the formulae f o^ falling bodies, because 
they naturally lead on to the formul® for " cenl/rifugal foree " on 
a rotating body, and to the " energy stored " up in a moving body, 
both of which are of great interest and importance to the young 
engineer. The experimental and algebraical proofs of these 
formulae are given in Elementary Manuals on Theoretical 
Mechanics, and we must either assume that the student has 
studied these, or ask him to assume their truth in the meantime. 

Formulee for Falling Bodies. — If a body falls freely in vacuo 
under the action of gravity from rest through a height h feet ; 
then (since gravity produces a constant acceleration in the velocity 
of the body) at the end of each successive second the velocity of 
the body will be increased by ^, or 32 feet. Let « be the velocity 
of the body at the end of t seconds. 

Then, . . v^gt; h\xt^^2gh 

^9 ^9 _ 

/2A 

9 9 \f 9 

'Formulee for Linear Velocity with nniform Aocelera- 
tion. -Suppose that instead of the uniform accelerating force of 
gravity we have any other constant force of p lbs. acting on a 
body, and if this force moves the body tli rough a distance of I feet 
along a perfectl/y smooth horizontal pi me, the above formulde 
natiuuUy become* — 

Then, . • vat; but «^«2aZ 

2a 2a 

And. . . t^^-.-Jj^^J^ 

a a \ a 

* We intentionally use the letter I for length or distance, and a for 
acceleration. Most writers use the word ** space ** for distance and the- 
symbol «; but space is of three dimensions, and involves the idea of 
volume. It cannot therefore be, strielly speaking, used to represent dis- 
tance or length, which is only of one dimension. The letter /is also often 
used for acceleration ; but/ naturally represents a force, so we prefer to* 
use, a, for acceleration, in order to be consistent with our notation. 






And, . . «-£ -•J^^^- 
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Centrifogal Force due to Motion in a Circle. — Experi- 
MINT I. — When a body — ^such as a stone — ^is attached to a cord 
and whirled round and round in a circle, the hand experiences a 
pull in the direction of the string, which is in tension under 
the action of a force, and the faster the body is moved the 
greater becomes the stress in the string, just as David of old 
must have felt it before he let go that pebble from his sling which 
went so straight for (xoliath's brow. The stone is constantly 
tending to fly off at a tangent, and is only kept moving in the 
circular path by the reaction pulling it towards the centre of 
motion. The pull from the centre of motion is called the centri- 
fwgal or centre-flying force, and the exactly equal and opposite 
reaction is termed the centripetal or cen^^-seeking force. It may 
be proved by geometry that each of these forces is equal to 




Experiencing the Effect of Centbifugal Fobce. 

the weight of the body x the square of the velocity <?- the 
acceleration due to gravity x the radius of the circle described 
by the body.* 

W«^ 

Or, . . . P - -—-Wm. 

gr 

Where P.  Full on the cord, or the centrifugal force in lbs. 
^^ W = Weight of the body in lbs. 
^ « B velocity of the body in feet per second, 
99 g ^ gravity^s acceleration » 32' per second in one second, 
^ r  radius from centre of motion to e.g. of body in feet, 

* At present the student must accept the above formula as correct. 
We shall have occasion to deduce the formula by aid of geometry in the 
Advanced Course. (See Vol. II., Lectures zxii. and xxiii.) 
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Experiment II. — Take a pail and half fill it with water. 
Attach a rope to the centre of the handle, and swing it round 
and round your head. The water does not fall out, even if you 
swing it in a vertical plane, if the velocity be sufficient to cause 
the centrifugal force to be greater than the force of gravity. 

Example I. — A small tin pail, containing i lb. of water, with a 
rope attached to its handle, is to be whirled in a vertical circle. 
If the distance from the hand or centre of motion, to the surface 
of the water be 2 feet, what is the least number of revolutions 
per minute that you can give it in order not to spill any of the 
water? 

Answer. — Here P must be at least equal to i lb., f or W -> i lb. 
and r = 2 feet, whilst g — 32. 
By the formula — 



Or, t? a= 8 X 60 = 480 ft. per minute. 

Now a circle of 2 feet radius « 12*56 feet circumference. 
480 
••• ^^ = 38*2 revolutions per minute. 

Consequently, if you whirl the pail at 40 revolutions per 
minute, there will be no fear of any water coming out of it even 
when it is upside down at the highest part of the circle. 

ExPBBiafBNT III. — Turn a disc of wood with a small barrel on 
one side of the centre. Fit the wheel and the barrel so truly 
with a turned axle that when the axle is supported by eye hooks 
at each end for bearings, a cord wound round the barrel and 
then pulled sharply, will cause the wheel to revolve freely at a 
ligh speed without vibration or oscillation. Now bore a hole 
\hrough the disc near its circumference, and run in molten lead 
into this hole. Again spin the wheel rapidly, when it will be 
found to hobble to such an extent as to shake itself almost out 
of the bearings. 

The centrifugal force due to the unbalanced piece of lead 
asserts itself so thoroughly that when it reaches the highest 
position of its revolution round the axis, itovercomeis gravity, and 
lifts the whole wheel and barrel clean out of the bearings. It 
thereby creates such a disturbance as to leave a distinct impres- 
sion on the mind of the student. 

Next bore another hole through the disc of the same size as the 
former one, and at the same distance from the axle, but diametri- 
callv opposite to the front hole, and nm in the same weight of 
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lead into it. Again spin the wheel, and it will be found to run 
smoothly. 

This experiment conFejs to the young engineer a most useful 
lesson, for it not only shows him the effect of centrifugal force 
due to want of balance, but it also gives him an idea how to rectify 
the evil. 

Balancing High-speed Machinery. — ^All high-speed machi- 
nery, whether revolving or reciprocating, should as far as possible 
be most carefully balanced, in order to prevent centrifugal force 
coming into play and creating that horrid vibration and noise 
with which it is always more or less accompanied. There is 
nothing tends so much to the heating of bearings, and to the quick 
wearing out of brasses and other bearing suifaces as unbalanced 
moving parts; besides which, at very high velocities they become 
actually dangerous, and have frequently been known to cause 
destruction to life and property.* 

Centrifiigal Stress in the Arms of a Fly-Wheel. — If the 
aims of a fly-wheel or pulley are not properly proportioned to 
resist the centrifugal force due to the mass of the revolving rim ; 
or, if iAie casting has been carelessly cooled, so as to set up internal 
stresses between the arms and the boss or the rim, the wheel may 
give way. In fact, there is no fly-wheel or pulley made that would 
not burst, under the very great stress of centrifugal force, if you 
only ran it fast enough. The student will observe from the 
formula that the centrifugal force or stress in the arms of a fly- 
wheel is directly proportional to the square of the velocity, so 
that by merely doubling the number of revolutions per minute 
you quadruple the stress in the arms, and if the speed be increased 
three times, the stress becomes nine times as great. 

Example II. — Each segment of a fly-wheel, with its correspond- 
ing arm to which it is attached, weighs 1000 lbs., and the mass 
may be taken as collected at a distance of 4 ft. from the axis of 
the wheel. If each arm has a breaking stress of 100,000 lbs., 
what is the maximum number of revolutions per minute thab the 
fly-wheel could be run at without breaking the arms, neglecting 
the binding strength of the rim of the wheel ? 

Answer. — By the previous formula for centrifugal force — 

gr 

1000 X tJ^ 

100,000 = .% «^ B 12,800 

32 X 4 

* See Mr. 0. A. Matthey's paper and the discussion on "The Mechanics 
of the Centrifu^ Machine," in the Transactions of the Institution of 
Engineers and Shipbuilders of Scotland for Session 1898-99. 
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•*• « m 113 ft. per second, fullj. 
Or, V ^ 113 X 60 = 6780 ft. per minute. 
Now, the circumference of a circle of 4' radius = 25 ft. 

•••-^^ — = 271 revolutions per minute. 
25 

Energy. — In applied mechanics energy means the capahUity 
of doing work.* 

Potential Energy ta that form of energy which a body pasaessea 
in virtue of its position or its condition. For example, when a 
body of 10 lbs. is lifted 10 ft. high, it has a potentisd energy of 
100 ft.-lbs. ; for it takes that amount of work to lift the 10 lbs. 
through the 10 ft. ; and if then allowed to fall, it would naturally 
give out the same quantity of work, either in overcoming friction, 
or, if it fell freely, it could be usefully employed to that amount 

and no more. 

Potential energy may also be due to a condition of a body, such 
as the potential energy in the ooOed spring of a watch or clock, 
which when wound up does work in moving the mechanism. 
We have also the case of potential energy in a lump of coal, which 
when burned gives out heat, that will raise steam to be used in 
a steam engine for doing work. Or, in the case of an electric 
battery, where plates of copper and zinc are respectively placed in 
solutions of sulphate of copper and zinc, and on being suitably 
connected by wires to an electric motor, wiU give out electrical 
energy, which may be converted into mechanical work by the 
motor, and thereby effect some useful purpose. 

Einetio Energy is energy due to motion. For example, in the 
first instance of potential energy the weight of 10 lbs., in falling 
freely down through 10 ft., had stored up in it, due to its motion, 
an amount of accumulated work equivalent to 100 ft.-lbs. 

Aocumulated Work. — If a body of weight W lbs. be raised 
to a height h feet above the earth 

27ie potential energy stored up  WA (ft.-lbs.) 

Now, if the body be allowed to fall fredy, under the action of 
gravity, through h feet, it would have a velocity at the end of 
time t seconds of v feet per second. 

Beferring back to the formulae for falling bodies previously 
given in this lecture we see that — 

A«— .-.WA -.^ft..lbfl. 
2g 2g 

* We have specially avoided using this term hitherto, as students an 
liable to confase it with f oroe, work, and power. 
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Therefore the hineUc mmrgy or fMOfwnwlUa^ work stored up in a 
moving body is expressed by the formula — 

W 

If a body of weight W lbs. were impressed forward along a 
perfectly smooth plane for a distance of I feet, by a force F lbs., 
causing an acceleration of, a, feet per second ; then the previous 
set of formulas for linear velocity would apply when the reaction 
from the plane cancelled the force of gravity. 

Here, . . F-— «/ and I -— 

But the Work Done through distance / = F x 2 

And . . Fx^-^x?l.-:^ft.-lbs. 

g 2a 2g 

Therefore in this case the accumulated work stored up in the 
moving body would be expressed by the formula — 

AccTimtLlated work in a Rotating Body. — If a body of W 
lbs. be concentrated at a distance of r feet from the centre of 
motion, and be rotated so that it has a velocity of v feet per 
second, then 

The Accumulated Work^ — ft. -lbs. 

^g 

The Energy of a Rotating Fly-wheel is a good example of 
accumulated work. If the pressure of steam in the cylinder and 
the point of cut-off be kept constant, and if one or other of the 
machines which are being driven by the engine be thrown out of 
circuit — or, in other words, if the belt be moved to the loose pulley — 
the load on the engine will be lessened, and the engine will have a 
tendency to increase in speed. If, however, it be provided with 
a very heavy fly-wheel, the surplus power of the engine will be 
stored up in the fly-wheel, so that the increase of speed will net 
be so great as if it had a light one, or none at all. If a machine 
should be suddenly brought into circuit again after a short time, 
then the load on the engine will be as quickly increased ; but the 
stored-up energy in the fly-wheel will enable it to overcome this 
sudden demand for power, so that the speed of the engine will not 
be greatly altered. The fly-wheel, therefore, acts as a regulator 
of speed, not only for alterations of load, but also for the variable 
pressures which exist in the cylinder of an engine. This is 
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pai-tioularly noticeable in the case of gas engines, where the 
almost instantaneous explosion of gas in the cylinder at the 
beginning of a stroke creates an immense force, which would 
urge the piston forward at lightning speed, if it were not for 
the very heavy fly-wheel with which the engine is provided. The 
fly-wheel stores up some of this sudden force and gives it out 
again during the intervening strokes when there is no explosion, 
thus tending to a uniformity of speed which would be conspicuous 
by its absence if the gas engine had only a light fly-wheel, or none 
at all. In fact, the motion of gas engines would be so erratic 
without fly-wheels as to prevent their application to many pur- 
poses for which they are admirably adapted when aided by very 
heavy ones. 

Badiiis of Gyration. — It will be evident, almost without ex- 
planation, that in the case of a fly-wheel or a rotating disc, those 
parts which are furthest from the centre of motion must accu- 
mulate more energy than those of the same weight which are 
nearer to that centre, because they move at a greater velocity. 
There is, however, for every body a mean radiits of rotation, termed 
the ''ra(2riM o/'^yra<io7»," which is at such a distance from the 
centre of motion, that if the whole mass of the body were concen- 
trated there, the same kinetic energy or accumulated work would 
be developed at the same speed or number of revolutions per 
minute. The length of this mean radius varies with the shape 
of the rotating body, and requires a knowledge of higher mathe- 
matics for its computation ; so we will assume that in the case of 
a fly-wheel it is at the e.g. of the rim, or that the distance is given 
in any question requiring solution. 

ExAHPLB III. — A fly-wheel weighing 10,000 lbs. has a mean 
radius of rotation, r = 5 feet, and turns normally at 100 revolu- 
tions per minute. Owing to the load being diminished, the speed 
increases to no revolutions per minute; what reserve power is 
stored up in the fly-wheel flt to overcome any sudden increase of 
loadt 

Answeb. — Let 1^1 «B the velocity in feet per second, at the nor- 
mal speed ^1 revolutions per minute, 

And VjBsthe velocity at the increased speed n, revo- 
lutions per minnte ; 

2 X 22 X 5 X 100 ^ f. 

V, = 2irm. = ^ = 52«4 ft. per sec. 

* * 7 X 60 ^ -^ r 

2 X 22 X < X no ^ /: f J. 

r, = 2irm,« 5 = 57*0 ft. per sec 

' ' 7x60 
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Stored energy cU speed n^ « 1 



» 



» 



7*,= 



^9 

Reserved stored energy = *- - - — ^ = — (t?,* - v^) 

29 2g 2g 

1 0000 



» 



>> 



,(57.6' -52-4') 



» 



» 



2 X 32 

= 89,876 ft.-lbs. 

The Ply-press. — This machine is used, in the form shown by 
the figure, either for embossing or stamping pieces of metal with 




The Fly-fbess. 
Index to Pabts. 



D represents Disc supporting M. 
M ,f Metal to be stamped. 
P ,, Punch or die. 
F .. Frame of machine. 



»» 



S represents Screw. 
N „ Nut for S. 
L „ Lever arms. 
B „ Balls or weights. 



some design, or for punching thin metal plates. The piece of 
metal M, to be embossed or punched, is laid on a disc D, and the 
die or punch P is caused to come down on M with a large 
amount of stored-up energy, due to the operator taking hold of 
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one or other of the heavy balls B, and giving them a vary Jmpid 
turn round. The result of this movement is to send the quickly 
pitched square-double-threaded screw rapidly through its nut N, 
thereby forcing the guided square carrying the punch straight 
downwards, and causing the latter to overcome the resistance of 
the hard metal. Neglecting friction at the screw and the guide, 
and considering the combined weight of the two balls as-e W lbs., 
and vsx their velocity in feet per second at the instant the punch 
meets the metal M, then — 

The stored energy, or energy of the blow, « f t.-lbs. 

If . 2 » Length the punch or die goes into the metal in feet^ 
And R a Kesistance overcome (mean) in lbs.. 

Then Bi=-^ ft..lbe. 

^9 

Example IY. — Distinguish between energy and power. What 
is the unit of power in this country ? In a fly-press two balls, 
each weighing 6o lbs., are moving with a linear velocity of 15 
feet per second, what is the measure of the energy existing in the 
balls (take ^ = 32)? What is the power required to raise 6600 
gallons of water up 150 feet in 30 minutes) A gallon of water 
weighs 10 lbs. (S. and A. Exam. 1893.) 

Answeb. — (i) Energy is the capability of doing work which a 
body may possess on account of its position, or condition, or 
motion. Power is the rate of doing work, or the work done in a 
given time. The unit of power in this country is the horse-power 
and is the rate of doing work equivalent to 33,000 ft-lbs. per 
minute. 

(2^ Here Wa combined weight of the two balls » 120 lbs. 
V B hnear velocity of balls « 15 ft. per sec. 

rm- Wt^ 

Then energy existing in balls « — - 

2x32 

(3) Weight of water raised 6600 x 10 „ 

per minute " ^ =2200 Iba 

••• Work done per minute = 2200 x 150' » 880,000 ft.-Ib8. 

.•. Power required « ^^^^ = 10 H.P. 

^,000 
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Momentum is the quomHty of motion posiesaed &y a body. 
It is measured by the quantity of moving matter {i,e,f its maas) 
multiplied by its velocity.* 

Or, Momentum » Mass x Velocity 

M « m X V 

The momentum of a body isy therefore, that constant force 
whiohy acting for unit time, would stop the body. 

A force of 2 lbs. acting for unit time, or one second, on a body, 
'will produce a certain amount of momentum; it is therefore 
obvious that twice the force acting for half the time, i.e.j 4 lbs. 
acting for half a second, would produce the same momentum. 

Example V. — ^A hammer head of 2 J lbs. moving with a velocity 
of 50 feet per second is stopped in 'ooi second. Eind the average 
force of the blow. (S. & A. Exam. 1897.) 

Answeb. — ^Momentum of Hammer Head-* mass x velocity 

w » 99 



W »» M 



32-2 

= 3-9. 



SO 



This momentum therefore represents the force in lbs. which, 
acting for one second, would stop the hammer head. The average 
force of the blow is therefore 3*9 ■?- '001 lbs. = 3900 lbs. 

Example VI. — A ship of 2000 tons, moving at 3 knots, is 
stopped in one minuto; what is the average retarding force? 
Neglect the motion of the water. One knot is 6080 feet per 
hour. (S. & A. Exam. 1898.) 

Answer. — Here we may obtain the retarding force in tons and 
reduce the speed in knots to feet per second. 

Now, 3 knots = 3 X 6080 feet per hour ; or, ^ ^ ft. per sec. 

_. ^, X 1 .. 2000 *? X 6080 
Hence the momentum = mass x velocity « x ~ ^— . 

'' 32 60 X 60 

* The mass of a body is its weight in lbs. divided by the acceleration 
due to gravity. Hence, if a body is W lbs. in weight, and if g repre- 
sents the acceleration due to gravity, or 32 feet per second, then 

W 

the mass m s — . For example, if a body weighed 3*2 lbs., then its mass 

is3*2-r 32 or •! unit of mass. If this body is moving with a velocity of 
10 feet per second its momentum is •! x 10 or i. If this momentum be 
created or destroyed by a force acting for one second only on the body, 
the force must have a value of i lb. If it be created or destroyed in ten 
seconds, then the foroe is * i of a lb. ; if in ^ second, its value would be 
10 lbs. 



353 LECTUBE XXL 

Since the retarding force acts for one minute, or sixty seconds : 

•*• The average retarding force ^r momentum -^ 60 

2000 3 X 6080 

*-^-' '' " " " "^ "" 65ir65" ^ ^° . 

Or, y, „ „ = 5*27 tons. 

Example VII. — ^A railway train starting from rest along a 
level line acquires a speed of 30 miles per hour in five minutes. 
What has been the mean pull between the engine and the train ; 
the resistances to motion being taken at 10 lbs. per ton, and 
weight of train exclusive of engine 150 tons? 

Answer. — Constant pull due to resistances ==10x150=15 00 lbs. 

mr r* • 150X224 

Mass of train = m = --^ = 150 x 70 

32 ^ ' 

^ 1 '. e. ' .1 , 30x5280 feet per 

Velocity of train = v = 30 mdes per hour = ^^^^^ second. 

», „ * 44 feet per second. 

Momentum of train = mxt?=i5ox7ox 44. 

And the time taken to produce this momentum = 5 x 60 seconds. 

••. Mean pull producing change \ 1 50 x 70 x 44 

of motion / = ^^60 — = '540 lbs. 

•*• Total mean pull between the 1 ^i. 

engine and oarria«eB | =1500+1540 = 3040 lbs. 

Mass is defined as ths quantity of matter in a body. It is 
measured by the weight of the body in pounds at London divided 
by the acceleration of gravity at the same place — «.«., Mass a 
tu -7- ^ ; or, f^ in Ibfl. -5- 3 2 • 2 . 

Inertia is defined as that property of matter whereby it tends to 
remmn in a condition of rest or of uniform motion. Hence, we 
have Newton's first law of motion as stated in the second page 
of this Lecture, and which is sometimes termed the " Law of 
Inertia.'' 
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Lectubb XXL— Qubstiokb. 

1. A body moves in a circle with a uniform velocity; show that it must 
be acted on by a constant force tending towards the centre, and find the 
magnitude of the force in terms of the radius of the circle, and of the mass 
and velocity of the body. 

2. A body weighing 2| lbs., fastened to one end of a thread 4 feet long, 
is swung round in a circle, of which the thread is the radius ; what will be 
its velocity when the tension of the thread is a force of 20 lbs. (^=32) ? 
An8' 32 feet per second. 

3. When an unbalanced wheel is set in rapid rotation, a considerable 
amount of shake and vibration is experienced. You are required to explain 
this result from first principles, and to state the mechanical laws which 
appear to be at work. How would you calculate the amount of pull that 
this unbalanced weight exerts 7 

4. What primary kiw in mechanics asserts itself when some revolving 
piece of machinery moves at a high velocity, and is unbalanced ? A weight 
of I lb. is placed on the rim of a wheel 2 feet in diameter, which revolves 
upon its axis and is otherwise balanced. The linear velocity of -the rim 
being 30 feet per second, what is the pull on the axis as caused by the 
weight of I lb. f Ana. 28*1 lbs. 

5. A segment of a fly-wheel, with the arm to which it is attached, weighs 
3500 lbs., and the mass of the portion may be taken as collected at a dis- 
tance of 8 feet from the axis of the wheel, which makes 40 revolutions per 
minute. What is the force tending to pull away the segment and arm 
from the boss of the wheel 7 (S. and A. Exam. 1889.) Ans. 15,365 lbs. 

6. Define kinetic energy. How does it differ from potential energy 7 If 
a velocity of 300 feet per second is impressed on a weight of 10 lbs., what 
is the measure of the energy now imparted to the weight 7 (S. and A.. 
Exam. 1891.) Afu, 14,062*5 ft.-lbs. 

7. State the rule for finding the amount of work stored up in a given 
weight when moving with a given velocity. A weight of 6 cwt. moves 
with a velocity of 20 feet per second ; how many units of work are stored 
up in it 7 Ans, 4200 ft.-lbs. 

8. Write down the formula for the amount of energy stored up in a given 
weight when moving with a given velocity. Describe, with a sketch, the 
action of a fly-press. If each ball of the press weighs 50 lbs., and the work 
stored up in the balls is 400 ft.-lbs., find the velocity with which they are 
moving. Take the number 32 to represent g. (S. and A. Exam. 1888.} 
Ans, 16 feet per second. 

9. Account for the storing up of energy in a rotating fly-wheel. If the 
weight of the rim be doubled while the rate of rotation remains unchanged* 
how much is the energy increased 7 Ans, Twice. 

10. State the formula for the energy stored up in a fly-wheel, on the sup- 
position that the whole of the material is collected in a heavy rim of given 
mean radius. Apply the formula to show (i) the effect of doubling the 
number of revolutu>ns per minute ; (2) the effect of doubling the weight ; 
(3) the effect of increasing the mean radius in the proportion of 3 to 2. 
(S. and A. Exam. 1890.) 

1 1. A fly-wheel weighs 2} tons, and its mean rim has a velocity of 40 feet 
per second. If the wheel gives out 10,000 ft.-lbs. of energy, how much is 
its velocity diminished 7 (S. and A. Exam. 1888.) Ans, 1*455 feet per 
Moond. 
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12. Explain the use of the fly-wheel in any machine with which you are 
acquainted. To what class of machines is such a wheel usually applied ? 
What is the kinetic energy in a wheel revolving at 150 revolutions per 
minute, if the wheel loces 5000 ft.-lbs. of energy when its speed is reduced 
to 147 revolutions per minute 7 (S. and A. 1S99.) An$, 125,000 ft. -lbs. 

13. A fly-wheel of a shearing machine has 150,000 foot-pounds of kinetic 
energy stored in it When its speed is 250 revolutions per minute ; what 
energy does it part with during a reduction of speed to 200 revolutions 
per minute ? Ans, 54,000 ft.-lbs. 

If 82 per cent, of this energy given out is imparted to the shears during 
a stroke of 2 inches, what is the average force due to this on the blade of 
the shears ? (S. E. B. 1902.) Ans. 265,680 lbs. 

14. A fly-wheel is required to store 1 2,000 ft. -lbs. of energy as its speed 
increases from 98 to T02 revolutions per minute ; what is its kinetic energy 
at 100 revolutions per minute ? (S. E. B. 1900.) Ant, 150,000 ft. -lbs. 

15. A machine is found to have 300,000 foot-pounds stored in it as 
kinetic energy when its main shaft makes 100 revolutions per minute ; if 
the speed changes to 98 revolutions per minute/how much kinetic energy 
has it lost T (S. E. B. 1901.) An$. 1 1,880 ft.-lbs. 

16. What do you understand by work, potential and kinetic energy? 
A bullet weighing i oz. leaves the muzzle of a rifle with a velocity of 
T350 feeft per second ; what is the kinetic energy of the bullet in ft. -lbs. ? 
(S. and A. 1899.) Ana. 1780 ft.-lbs. 

17. If a gun delivers 400 bullets per minute, each weighing 0*5 oz., with 
2000 feet per second horizontal velocity ; neglecting the momentum of 
the gases, what is the average force exerted upon the gun 7 (S. E. B. 1900. ) 
Atis, 12*94 lbs. 

18. A bullet of 0*1 lb., with a speed of 2200 feet per second, is fired 
into the middle of a block of wood of 30 lbs., which is at rest but free to 
move ; find the speed of the block and bullet afterwards. What is the 
loss of kinetic energy in foot-pounds 7 (S. E. B. 1902.) Ans. 7*3 ft. per 
sec. ; 353 '06 ft.-lbs. 

19. A man and his bicycle weigh 170 lbs. ; he has a speed indicator (not 
a mere counter). When going at 10 miles an hour on a level road he 
suddenly ceases to pedal, and in 15 seconds finds that his speed is 8 miles 
an hour. What is the force-resisting motion 7 (S. E. B. 1901.) Ans. 1 lb. 

20. A car weighing 2^ tons and carrying 40 passengers, the average 
weight of each of them being 145 pounds, is travelling on a level rail at 
the rate of 6 miles an hour. What is its momentum in engineer's units 7 
If the propelling force be withdrawn, what average force in pounds must 
be exerted to bring the car to lest in two seconds ? and supposing the 
force to be constant, what distance would the car travel before it came to 
rest 7 (8. and A. 1899.) ^^^^^ 313S ^^^' > ^5^7 'S ^^s. ; 8*8 ft. 

21. A car is drawn by a pull of P lb., varying in the following way, 
( being seconds from the time of starting : 



p 


1020 


980 


882 


720 


702 


650 


713 


722 


805 


t 





2 


5 


8 


10 


13 


16 


19 


22 



The retarding force of friction is constant and equal to 410 lb. Plot 
P— 410, and the time f, and find the time avertige of this excess force. 
What does this represent when it is multiplied by 22 seconds 7 (8. E. B. 
1902.) Ans. 366 lbs. 
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LECTURE XXII. 

CONTENTS. — Some Properties of Materials employ edbj Mechanics— Essen- 
tial Properties — Extension — Impenetrability — Contingent Properties 
— Divisibility — Porosity — Density — Cohesion — Compressibility and 
DilatabiHty — Rigidity — Tenacity — Malleability — DnctiKty — Elas- 
ticity — Fusibility — Load, Stress, and Strain — ^TOtal Stress and Inten- 
sity of Stress— Tensile Stress and Strain — Example I. — Compressive 
Stress and Strain — Example II.— Limiting Stress or Ultimate Strength 
— Safe Loads and Elasticity — Limit of Elasticity — ^Hooke's Law — 
Factors of Safety— Modulus of Elasticity — ^Ratio of StreM to Strain- 
Example III.— Questions. 

Some Properties of Materials employed by Mechanics. 
— The properties of matter are almost innumerable, but they may 
be divided into two classes: (i) Essential properties; (2) Gon- 
tingent properties. The esssTitial properties are those without 
which matter cannot possibly exist. The contingent properties 
are those which we find matter possessing, but without which we 
could conceive it to exist. 

Essential Properties — ^1. Extension means that property by 
which every body must occupy a certain bulk or volume. When 
we say that one body has the same volume as another, we do not 
mean that it has the same quantity of matter, but only that it 
occupies the same space.* 

2. Impenetrability means that every body occupies space to 
the exclusion of every other body, or that two bodies cannot 
exist in the same space at the same time. 

Contingent Properties. — 1. Divisibility means that matter 
may be divided into a great but not an infinite number of parts. 
The ultimate particles of matter are termed atomSy derived from a 
Greek word signifying indivisible. 

2. Porosity signifies that every body contains throughout its 
mass minute spaces or insterstices to a greater or less extent. 
This has been proved to be the case with every known substance. 
These spaces are supposed to be filled with a highly elastic fluid 
caUed ether. 

For example, when the steel or east-iron cylinder of a hydraulic 

* For Simple Rules of Mensuration see the Author's Elementary Manua) 
«D '* Steam and the Steam Engine," Lectures L II. III. 



256 LBCTURE XXn. 

press is subjected to enormous pressure, water will ooze through 
the metal from the interior to the outside. 

8. Density is that property by which one body differs from 
another in respect of the quantity of matter which it contains.* 

Let Mp M, = Masses of two bodies 
Let Vj, V, — Volumes of two bodies. 
Let 'D^y D, i« Densities of two bodies. 

M D M V 

n V. - V^ then gi - J>; if D, - D^ then g-'- ^ 

If both vary, then :n4-=» ^ ^pr- 

^^ M, V, X D, 

4. Cohesion is that property by which particles of matter 
mutually attract each other at insensihle or indefinitely small dis- 
tances. It is therefore different from gravUatian, since the latter 
acts at all distances. It is evident that without this property 
we could not have a solid, for if a solid body be lifted by one 
part, the remainder sticks to it, and the whole is kept together by 
cohesion. 

6. Compressibility and Dilatability are properties common 
to all bodies, by which they are capable of being compressed like 
a sponge or extended like a piece of india-rubber in a greater or 
less degree. 

6. Rigidity signifies the stifiness to resist change of shape 
when acted on by external forces. TJnpliable materials which 
possess this property in a large degree are termed hard, whilst 
those which readily yield to pressure, without disconnection, are 
called sofi. Substances which cannot resist a change of shape 
without breaking are termed britUe, whilst those that do resist 
and at the same time change their form are said to be tough. 

7. Tenacity is the resistance (due to cohesion) which a body 
offers to being pulled asunder, and is measured by the tensile 
strength in lbs. per squarp inch of the cross section of the body. 
We will consider this property in the case of metals, ^., when 
dealing with stress and strain. 

8. Malleability is that property by which certain solids may 
be pressed, rolled, or beaten out from one shape to another with- 
out fracture. It is therefore a property depending upon the 
softness, toughness, and tenacity of the material. €k>ld possesses 
this property in a higher degree than any other metal, and con- 

• The Density of a substance is either the number of units of mass in a 
nnit of volume, in which case it is equal to the heaviness (i.e., weight of 
nnit volume of substance in unit weight) ; or it is the ratio of the mass of 
a given volume of the substance to the mass of an equal volume of watei; 
In which case it is equal to the spee^ie gramtg. 
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gequently sheets of gold are procurable of less than one-thousandth 
of an inch in thickness. Oopper is one of the most useful of the 
malleable metals, and it may be beaten out into most elaborate 
shapes from the solid ingot. The Swedish iron of which horse- 
shoe nails are made is also very malleable, and is therefore highly 
prized by the blacksmith. Lead, although possessing softness, is 
not sufficiently tenacious to be considered a 'oery malleable metal, 
but still it finds one of its most useful applications in the form of 
rolled lead sheathing for roofs of houses and interiors of water 
tanks, k^, 

9. Duotility* is that property by which some metals may 
be drawn down through a die-plate into wire or tubes. This pro- 
perty depends chiefly on toughness and tenacity. For example, we 
find that the very fine pianoforte wire used with Lord Kelvin's 
deep-sea sounding machine is both hard and rigid, but possesses 
great toughness and tenacity. The copper wire used for electrical 
conductors becomes harder and harder as it gets drawn down to 
smaller and smaller sizes, and it has therefore to be annealed in 
order to comply with the many bondings and unbendings which it 
has afterwards to undergo in winding and unwinding it upon 
bobbins whilst twisting it into a stranded conductor or in 
covering it with a dielectric of cotton, silk, gutta-percha, or 
india-rubber, &c. Solid-drawn copper pipes are frequently used 
for conveying steam and liquids where a sound light job is required 
to resist greab pressures. This flowing property of metals is now 
taken great advantage of by the engineer in a variety of ways. 
For example, lead and tin, when subjected to great hydraulic 
pressure, and properly guided through a die, can be squirted into 
long continuous rods or pipes, or squeezed on to insulated electric 
light conductors, so as to form a water-tight protecting sheathing 
thereto, just as if these metals were composed of so much plastic 
dough. In fact, all you have to do in order to cause many harder 
and stronger metals, such as copper, iron, and steel, to flew add 
into almost any shape of mould, is to apply sufficient pressure cmd 
to give sufficient time for them to retain their natural homogeneous 
and isotropic structure, or to adopt means for restoring the 
structure should they have departed therefrom during any part 
of the process. A metal is said to be homogeneous when it is of 
the same density and composition throughout its mass. It is 
isotropio when it has the same elastic properties in all directions. 

* Refer to the description of the Lever Testiog Machine, illustrated in 
Lecture IV., and to Lord Kelvin's Hydrostatic Wire Testing Machine, 
illustrated in Lecture XVII., as examples of machines whereby the 
comparative ductility of certain materials may be ascertained by their 
percentage elongation. 

B 
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10. Elasticity is that property, possessed by different solids in 
a greater or less degree, of regaining their oiiginal size and shape 
after the removal of the force which caused a change of form. 
We shall see later on that there are limits of elasticity beyond 
which the bodies will not regain their exact normal size or shape. 

12. Fusibility is that property whereby metals and many other 
substances, such as resins, tallows, &c., become liquid on being^ 
raised to a certain temperature. The following table shows in 
rou/nd numbers the melting-points of a few of the commoner 
metals : — 



Melting Points of Metals in Degbees Fahrenheit. 



Mercury 
Tin . 
Bismnth 
Lead . 
Zinc . 
Antimony 
Brass . 
Silver . 



- 38 
+440 

500 

600 

700 

800 

z8oo 

1850 



Copper 

German silver . , 

Gold . . . 

Cast iron 

Steel .... 

Nickel, also Alnminlam 

Wrought iron 

Platinum • . • 



2000 

2000 

2000 

2200 

2500 

2800 

3300 

3500 



Iioad, Stress, and Strain. — When force is applied to a body 
so as to pioduce either elongation or compression, bending, torsion, 
shearing, or a tendency to any of these, the force applied is 
termed the had, the corresponding resistance or reaction in the 
material is termed the stress due to the load. Any alteration pro- 
duced in the length or shape of the body is termed the strain. 

Definitions. — Load is the force or forces applied to the body. 
SPress is ibf reaction in the body due to the load. 
Strain is tine alteration in shape as the result of the load. 

The load is called a dead load when it produces a steady or a 
gradually increasing or diminishing stress. For example, the 
weight of a roof on the Yjalls of a building is a steady or dead 
load. The gradually increasing pull produced on the specimen 
in the lever-testing machine, illustrated by the fourth figure in 
Lecture lY., is also a dead load. 

The load is termed a live load when it varies from instant to 
instant. For example, a regiment of soldiers, or a series of 
vehicles, or a train passing over a bridge creates a Uve load on the 
bridge. 

Total Stress and Intensity of Stress,* — The total stress is 

the total reaction due to the total load. The intensity/ of stress, 

or simply the word stress, expresses the reaction per unit area of 

the cross section. Thus, if P be the total force applied in lbs., 

and A be the total cross section in square inches, then the 

P 
Bdean Intensity of Stress on the section « -jr lbs. per square inch 
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Tensile Stress and Strain. — If the line of action of a load 
be along the axis of a bar, tie-rod, or beam, so as to tend to elon- 
gate the same, the reaction per square inch of cross section is 
termed the tensile stress, and the elongation per unit of length is 
called the tensile strain. 

Example I. — ^A wire -^ square inch in cross section, and 
10 feet long, is fixed at its upper end. A load of 1000 lbs. is 
hung from the lower end, and then the wire is found to stretch 
1 inch, (i) What is the stress ? (2) What is the strain ? 

Answer. — (i) Here P= 1000 lbs., and A = ^ sq. in. 

Let p a stress or pull per square inch in lbs. 

P / 

.•• The stress, or p =-^= 1000 / ^ = 10,000 lbs. per sq, inch. 

(2) Original length =a L «= 10' = 120", and the increase of 
length = Z = i". 

Let e « strain or extension per unit of length, t .e., per inch in 
this case, 

„, ^ . increase of length I 1" ^^«« 

.*. The Strain, or e = .„■ . .^J. = ^ = 7"^ * '^^^^ 

' onginai iengtn L 120 

Compressive Stress and Strain. — If the line of action of a 
load be along the axis of a bar, shore, strut, or pillar, so as to 
tend to compress or shorten the same, the reaction per square 
inch of cross section is termed the compressive stress, and the 
diminution per unit of length is called the compressive strain. 

Example II. — A verti(»l support in the form of a hollow 
pillar, having 2 square inches cross section of metal, is 10 feet long. 
With a load of 10,000 lbs. resting on the top, it is found to be 
compressed ^ of an inch in length, (i) What is the stress? 
(2) What is the strain ? 

Answer. — (i) Here P = 10,000 lbs., and A » 2 sq. inches. 

Let p = stress or compression per sq. in. of cross section in lbs. 

P 10,000 
.•, The stress, ov p = "T ~ = 6000 per square inch. 

{2) Original length = L = 10' — 120", and the diminution of 

length = I = i^" 

Let 6 = strain or compression per unit of length, i,e., per inch 

in this case, 

. Thestrain or « = diminution in length ^^ 

.. i/ie strain, or « - original length 120'' 

Limiting Stress or Ultimate Strength. — For every kirnl 
of material and every way in which a load is applied, there mubi 
be a value, which, if exceeded, causes rupture or fracture of the 
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body. The greatest stress which the material is capable of 
withstanding is called the limiting stress or tdtivnate strength per 
sqtuire inch of cross section of the substance, for the partici:dar 
way in which the load is applied. 

Factors of Safety. — The ratio of the fdtvmcOe strength or 
limiting stress to the safe working load is called the /actor o/ safety . 
This factor of necessity varies greatly with different mateidals, 
and even with the same matenal, according to circumstances. 
For materials which are subjected to oxidation or to internal 
changes of any kind, the factor of safety must of necessity be 
larger than in those which are always kept dry or are well painted 
and carefully handled. There is no condition in engineering 
structures which requires a more careful calculation, or estimate 
of the necessary factors of safety, than that of railway bridges, 
which are exposed to all sorts of weathers and to extremely 
variable live loads. The skill of the engineer is therefore brought 
out, when he designs structures so as to include all possible 
circumstances to which they may be subjected, and so proportions 
the material at his disposal, that there shall be a minimum of 
internal stress and strain, with a maximum resistance to dead or 
live loads for a minimum cost of material and workmanship.* 

Table op Ultimate Strength and Working Stress of Mate- 
rials when in tension, compression, and shearing. 



Safe Loads and Elasticity. — As a rule, however, the object 
of the engineer is not to put such a stress on his materials of 
construction as will cause rupture or destruction, but rather to 

* For other tables relating to the Strength of Materials in Engineering 
Constructions, Factors of Safety, &c., refer to Rankine's "Rules and 
Tables," Molesworth's "Pocket Book of Engineering Formulae," D. K. 
Clarke's " Rules and Tables,'' "The Practical Engineer's Pocket Book;" 
and for Electrical Engineering Materials to Munro and Jamieson's '* Pocket 
Book of Electrical Rules and Tables." 






Haterlala. 


Ultimate Strength. 
Tons per sq. Inch. 


Working Stress. 
Tons per sq. Inch. 


» 


Ten- 
sion. 


CJom- 
^ression. 


Shear- 
ing. 


Ten- 
sion. 


Com- 
pression. 


Shear- 
ing. 


Cast iron . 
Wrought-iron bars 
Steel bars . 
Copper bolts 
Brass sheet . 


7-5 

45 
15 
14 


45 
20 

70 
25 


14 
20 

30 


IS 

5 

9 
3 
3 


9 

3-5 
9 
5 


3 

4 
5 
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make machines and raise structures that will withstand all rea^ 
sonable forces likely to be brought to bear upon them. Conse- 
quently, he is quite as much interested in what may be termed 
safe loads as in ultimate or destructive ones. He therefore 
requires to know what loads can be safely applied to materials 
under different circumstances, so as to comply with that most 
useful property termed elasticity^ which we again define as the 
capability of regaining their original size, shape, and even strength, 
after the removal of tht forces which caused a change of form in 
them. 

Iiimit of Elasticity — Hooke's Law. — So long as the 
stress or reaction per square inch of cross section does not exceed 
a certain limit, called the limit of elasticity, then the material 
will return to its original shape, size, and strength, after the 
removal of the load. This limit has been ascertained for most 
materials of construction by elaborate experiments, which are to 
be found tabulated in the Proceedings of the Institutions of the 
Civil and Mechanical Engineers, and in such books as Bankine's 
" Eules and Tables," Molesworth's " Pocket Book of Engineering 
FormulaB," and D. K. Clark's " Rules and Tables." For example, 
with a bar of good wrought iron the elastic limit is only reached 
after a stress of 24,000 lbs. per square inch has been brought to 
bc^ar upon it, and in a similar degree every other material has a 
corresponding limit, beyond which it is not safe to stress it, for 
fear that it should be overstrained, and thus lose, to a certain 
extent, its property of recuperation or restitution, or take a 
permanent set. 

Within this limit, Hookers Law holds good for metal bars under 
the action of forces tending to elongate or compress them. This 

law states that : 

(i) The amount of extension or compression for the same bar 
is in direct proportion to the stress. 

(2) The extension or compression is directly proportional to 
the length. 

(3) The extension or compression is inversely proportional to 
the cross sectional area ; consequently, if the area be doubled the 
extension or compression will be halved, or the resistance to the 
load will be doubled. 

Let P s Pull, push, or load in lbs. on the bar. 
„ A = Area of cross section of the bar. 
„ L » Length of the bar before the load was applied. 
„ ^ = Length by which the bar is extended or compressed. 
„ p = Stress or load per square inch of cross section = P/A. 

P 

Then, so long as j- does not eaxeed the ektstic limits I varies directly 
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I p 

AS P for the same bar ; or y- varies directly as -j > for different bars 

of the same material and subjected to the same conditions. 

In other words, so long as the stress does not exceed the elastic 
limit, the strain will be proportional to the stress. 

Modulus of Elasticity, or Ratio of Stress to Strain. — As 
we have just indicated, by Hooke's Law, if a metal under test be 
gradually subjected to a stress, and if the load does not exceed 
the limits of elasticity of the material, the strain will be in pro- 
portion to the load. 

Consequently, the ratio of the stress to the strain is a constant 
quantity for eaoh particular substance within the limits of Hooke's 
Law, and is termed the Mod/ulus of Elasticity of the substance. 

But . . Stress oc Strain 

Stress = 'ELy.Stran,n,* 

Where E represents a constant number or modulus depending on 
the natural elasticity of each material — 

P 

Stress A PL 



.1 



E 



Strain I Al 

17 



t.6.9 • • • PIj = A { £1 

Or, imagine— 2< is pure imagination — ^that a substance could 
be elongated to double its length or compressed to zero by sub 
jecting it to a certain load, we should then have an index value, 
or constant number, or modulus, by which we could compare it 
with every other substance which behaved likewise under similar 
circumstances. This imaginary value is termed the Modulus of 
Elasticity. 

For example, take a bar of wrought iron of i square inch cross 
section, which is found to stretch g^oooooo P^^ ^^ ^^ length 
under a stress of i lb., and consequently by Hooke's Law twice 
that amount under a stress of 2 lbs., and so on ; then this number 
(24,000,000) is called the Moduhts of Elasticity of the iron bar. 
For, if the elasticity of the bar were perfect, it is evident that a 
stress of 24,000,000 lbs. would produce a strain or elongation 
equal to the length of the bar, or, f jgggggg = i. In other 
words, the length of the bar would be doubled under this stress. 
Consequently, we have the following definition, 

* Since tttress is reckoned by so many lbs. per square inch of cross section 
of a material, and strain is simply an abstract number, it follows that the 
Modulus of Elasticity (B) must also be reckoned by so many lbs. per 
square inch. 
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Definition. — The Modulua of Elasticity of any svhstance is 
that load which wovHd double its length on the supposition that the 
elongation was proportional to the stress, and that the cross section 
of the bar was of unit area, or one square inch, cmd supposing the 
bar to remain perfect during the operation. 

From this we again see that — 

Modulus of Elasticity = ^ = E = — /^ 

strain A/ L 

Or, ... . fl=a;b 

Moduli of Elasticity to Stbetchino. 

« 

(See Bankine's Boles and Tables for oomplete Data.) 



MateriaL 


Modulus of 

Elasticity in 

lbs. per sq. in. 

in round 

numbers. 


Matorial. 


Modulus of 

Elasticity in 

lbs. per sq. in. 

inroand 

numbers. 




(Mean yalues.) 




(Mean values.) 


Wood, Elm . . . 


1,000,000 


Lead (sheet) . • . 


700,000 


„ Larch . . 


1,100,000 


„ (wire) . . . 


1,000,000 


„ Beech . • 


1,300,000 


Brass (cast) . . . 


9,000,000 


„ Birch , . 


1,400,000 


„ (wire) . . . 


14,000,000 


„ Mahogany . 


1,400,000 


Copper (cast) • . 


15,000,000 


„ Oak . . . 


1,500,000 


„ (wire) . . 


17,000,000 


„ Pine (yellow) 


1,600,000 


Cast Iron .... 


18,000,000 


„ Ash • . . 


1,600,000 


Wrought Iron . . 


25,000,000 


„ Teak . . . 


2,000,000 


Steel 


35,000,000 



Example III. — ^A steel bar 5' long and 2^ sq. in. in cross section 
is suspended by one end ; what weight hung on the other end will 
lengthen it by *oi6 inch, if the modulus of elasticity of steel is 
30,000,000 lbs. per square inch? (S. and A. Exam. 1877.) 

Answbb. — Eirst ask what is wanted ? Yiz., stress. 

strpss 

Now the universal rule is ModuJua of Elasticity = 
Or, stress = modulus x strain. 



strain 



For, The strain is the elongation per imit of the length. 



Consequently, 1=-^ 



016" 



5 X 12' 



•016 
"60" 



s •00026. 
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••• The Stress* Modulus x strain 

i> " 30,000,000 X '00026 = 8000 lbs. per sq. in. 

imd^The Total Streae = Sooo \ha. x 2-25 sq. in. = 18,000 lbs. 

Or, we might have applied the formula previously deduced — 
viz., 

PL = AZE, 

where P is the total pull required in lbs. 

... p^ AZE^2«25 eg. in. x -016- x (30 x io^)^iq ppp j;^^ 
h 5x12 

Example IY. — What do you understand by stress and strain 
respectively ? If an iron rod, 50 feet long, is lengthened by ^ inch 
under the influence of a stress, what is the strain ? (S. and A. 
Exam. 1892.) 

Answer. — Stress is the reaction per unit area of cross section 
due to the load. Let P => the total tension acting on area A ; 

Then stress =^p = -^ 

Strain is the ratio of the increase or diminution of length or 
volume to the original length or volume. Let L = original length 
of a bar of the material, / = amount by which the length is in- 
creased or diminished ; then, when the bar is subjected to stress, 

The strain = c = =- 

In the example given, L = 50' x 1 2" = 600 inches ; and 1=^ inch. 

.•. Strain, 6 = =.= -!-«—!— = '00083 

L 600 1200 

Example V. — From the above question and answer determine 
the modulus of elasticity of the iron of which the rod is composed, 
if the load was 4366 lbs., and the cross section of the rod 2 square 
inches. 

, , ^ Total load 

Answer. — (i) Stress ^^iz —■ 

^ ' Cross area 

r. P 4366 lbs o 1. 

Or, • . . «==--. = l:^ = 2183 lbs. 

^ A 2 ** 

(2) Modulus of Elasticity « ^- — r- 

Or, . , , E=^=-^i^=: 25,000,000 

* '00083 

•"•A load of 25,000,000 lbs. would elongate a rod of the iron 
to double its length by tensile stress. 
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LseruBB XXII.— QusBTioira. 

1. tState and define the essential and contingent properties of matter, 
and give the names of those engineering materials with which 70a happen 
to be practicallj acquainted, that best exemplify each propeitj. 

2. What is the meaning of the term dudUUy as applied to wrought iron 7 
Describe, with sketches, some apparatus for testing a piece of metal as to 
ductility. If a uniform bar of iron 10 inches long is found to stretch 
i^ inches at the time of fracture, what is the measure of the ductility of 
the material of the bar 7 (S. and A. Exam. 18S9.) Aiu, 15 per cent. 

3. Give the approximate breaking tensile stress for a bar of cast iron of 
one square inch sectional area, and the same for a bar of wrought iron ? 
What is the meaning of the term ductility as applied to wrought iron, and 
how is the ductility of iron measured 7 

4. What must be the diameter in inches of a round rod of wrought iron 
in order to sustain a load of 50 tons f It is given that a bar of i ron i s quare 

inch in section will just support a load of 25 tons. Afu. = a / T^gTr" *^'- 

5. What is the modulus of elasticity of a substance 7 A round bar of iron, 
12 feet long and i^ square inches in sectional area, is held at one end and 
pulled by a force till it stretches ^ inch ; find the force^ the modulus of 
elasticity being 30,000,00a (S. and A. Exam. 1891.) Am, 39,063 lbs. 

6. A round bar of steel i" in diameter and 10 feet long, is fixed at its 
upper end, and a load is applied to the bottom end and stretches it '05 ". 
Find the load if the modulus of elasticity is 30,000^000. Aru, 9817*5 lbs. 

7. Find the dimensions of a transverse section of a square rod of fir to 
sustain a suspended load of 10 tons, the rod being held vertically. The 
breaking load of a rod of fir one square inch in section is 6 tons. Ans. 
1*29 inches. 

8. Find the extension produced in a bar of wrought iron 4 feet long and 
2 square inches in section by a suspended weight of 4} tons, the modulus 
of elasticity of the material being 29,000,000 pounds per square inch. 
(S. and A. Exam. 1889.) Ans. *009 inch. 

9. What do you understand by the terms stress, strain, and modulus of 
elasticity 7 A tie-rod, 100^ long and 2 square inches cross area, is stretched 
.75" under a tension load of 32,000 lbs. What is the intensity of the stress, 
the strain, and the modulus of elasticity under these circumstances 7 
(S. and A. Exam. 1888.) Ana. 16,000 lbs. per square inch; 0-000625; 
25,600,000. 

10. Define what is meant by ** dead load,*' "live load," " limiting stress," 
"limit of elasticity," and " factors of safety." 

11. What do you understand by stress and strain respectively 7 If an 
iron rod, 50 ft. long, is lengthened by ^ in. under the infiuence of a stress, 
what is the strain 7 If the rod is 2 sq. in. in section, and the load 1 1,000 lbs., 
what is the modulus of elasticity 7 Ans, '000417 ; i3,2co,ooa 

12. Find the stress produced in a pump-rod 4" diameter, lifting a bucket 
28" diameter if the pressure on the top of the bucket be 6 lbs. per square 
inch in addition to the atmosphere, and the vacuum below the bucket be 
26" by gauge. Reckon each 2" of vacuum = i lb. Ana. 925 lbs. per sq. in. 

13. If the rod in question is 5' long, find its extension if the modulus of 
elasticity s 9,000,000. Ana, "006 inch. 
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14. What do you understand by the terms tensile, compressive and 
shearing strength respectively of any material 7 Define ''modulus of 
elasticity." If a wronght-iron bar of i square inch sectional area just 
breaks under a tensile stress of 6o,oco lbs., what would be the area of the 
section of a tie-rod which would just support a load of 20 tonsf (S. & A. 
Exam. 1896.) 

15. A wronght-iron tie bar, f inch in diameter, has a modulus of elasticity 
of 28.000,000 lbs. per squRre inch. Its length is 23 inches ; find the load 
under which the bar will <%xtprd '015 of an inch. Find also the stress per 
square inch. (S. & A. Exam. 1894.) 

16. How would you find out for yourself the behaviour of steel wire 
loaded in tension till it breaks ? What occurs in the material 7 Use the 
word stress and strain in their exact senses. (S. & A. Exam. 1897.) 

17. An iron rod, of i-inch diameter and 12 feet in length, stretches 
3/32-inch under a load of 6 tons suspended at its extremity. Determine 
the stress, strain, and modulus of elasticity of the bar. (S. & A. Exam. 
1893.) Ana, 17, 1 1 2- 3 lbs. per sqr.in.; o 00065 J £ = 26,310,424 Ib3.persqr.i11. 

18. What do we mean by Stress, Strain, and Modulus of Elasticity 7 

A wire 10' long and ^ sq. inch in sectional area is hung vertically, and 
a load of 450 lbs. is attached to its extremity, when the wire stretches 
'015'' in length. What are the stress and strain respectively 7 And also 
the modulus of elasticity 7 (S. and A. 1899.) 

19. An iron wire is loaded with gradually increasing tensile loads till it 
breaks. We want to know its modulus of elasticity, its elastic limit 
stress, and its breaking stress. What measurements and calculations do 
we make 7 (S. E. B. 1900.) 

20. Sketch apparatus and describe a laboratory experiment by which 
you could find E, Young's modulus of elasticity, for an iron wire 10 feet 
long and 0*05 inch diameter. How would you secure the upper end of 
the wire 7 How apply the load 7 And how measure the elongation? 
How would you plot your results and how deduce the value ot Ef 
(S.E.B. 1902.) 
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LECTURE XXIIl. 

OONTBNTS. — Stresses on Chains — Shearing Stress and Strain — Example L 
— Torque or Twisting Movement — Strength of Solid Bound Shafts — 
Example II. — Pressures on and Reactions from the Supports of Beams 
— ^Examples III. IV. — Transverse Stress or Bending Moment of Beams 
— (i) Load at Middle ; (2) Load Distributed — Example V. — Questions. 

In this Lecture we will continue the subject of " strength of mate- 
rials," and finish the course with reasons for the shapes generally 
given to sections of cast iron, wrought iron, and steel girders. 

Stresses on Chains. — ^The only stress to which the sides of the 
links of chains are subjected under ordinary circumstances, is that 
of tension. This stress tends to bring the sides of the links closer 
together, and consequently we find that large chain cables for 
mooring ships (where very sudden and severe stresses are encoun- 
tered) have a cast-iron stud or wedge fitted between the inner 
sides of the links. These studs most effectually keep the sides of 
the links apart, and prevent any link jamming a neighbouring 
one. They add materially to the strength of the chain, for they 
are in compression whilst the sides of the links are in tension. 
Being composed of cast iron, which offers the immense resistance 
to compression of fully 45 tons per square inch,* there is not 
much fear of their giving way before the sides of the links. 

The strength of a stud-link may be taken as equal to double 
the strength of a rod of wrought iron, of the same diameter and 
quality of material as that of which the chain is composed, whereas 
the strength of an open-link chain is only about 70 per cent, of this 
amount, even with perfect welding.f 

In Moles worth's ** Pocket-Book of Engineering Formulfie," the 
student will find at page 54 a formula for the safe load on chains, 
viz. — 

Where W ■* Safe load in tons, 
„ (2 ■= Diameter of iron in inches. 

* See Table of the Ultimate Strengths and Safe Working Loads given 
in Lecture XXII. 
t Some well-known authorities £^ye less than 70 per oenL 
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Now, such a formula is very easy of application, but the student 
should never rest content until he finds out how the constants 
have been arrived at, and what relation the various symbols have 
towards each other. If he refers back to the short table of 
" Ultimate Strengths and Working Loads " given in the previous 
Lecture, he will &[id opposite wrought-iron bars and under tension, 
the value 5 tons per square inch as the safe working load. Con- 
sequently, applying what was said above about perfect stud -link 
chains, he will see that — 

■^ (twice the load of a rod of the same diameter and 
"" I quality as that of which the chain is composed. 

,», W = 2 X 5 X crosti area of the chain iron, 

W«2 X 5 X -(^= ax 5 X i X 2f cP-V-Sci' 
^4 7 

This is near enough to the constant given by the above empirical 
formula to enable him to see how it has been obtained. 

Chains which are subjected to many sudden jerks (such as lift- 
ing chains for cranes and slings) become in time crystalline, or 
short in the grain, and consequently brittle and unsafe. The 
best precaution to adopt in order to periodically remove this en- 
forced internal condition, is to draw them once a year very slowly 
through a fire, thus allowing them to become heated to a dull red, 
and then to cool them slowly in a heap of ashes. This method 
is followed at Woolwich Arsenal and some other Grovemment 
works. 

Shearing Stress and Strain. — ^The action which is produced 
by shearing and punching machines on iron, steel, or copper plates, 
&c., is to force one portion of the metal across an adjacent portion. 
The shearing stress is the reaction per square inch opposing the 
load or pressure applied to the shears or punch, and the shearing 
strain is the deformation per unit length or volume. E.ivets 
holding boiler plates together, fulcra of levers, the pins of the 
links of the chain of a suspension bridge, the cotter keys of a 
pump rod, are all subjected to shearing stresses and strains. The 
ultimate and the working shearing stresses for a few engineering 
materials were given in a table in Lecture XXII. 

In the case of loaded beams (which we will consider shortly in 
connection with bending moments) the shearing force at awy point 
or any transverse section thereof is equal to the algebraical sum 
of all the forces on either side of the point or section. 

Example I. — ^A steel punch i" diameter is used in a large 
shipyard punching machine to make holes in steel plates i" thick. 
What will be the total shearing stress or least pressure required ? 
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Answer. — Referring to the table in last Lecture, we see that the 
ultimate shearing strength or shearing stress for steel bars (which 
we will assume to be the same as for plates) is 30 tons per square 
inch. Now a hole i" diameter has a circumference = wd 
— 3* 1 4^9 and since the plate is ;" thick, the area of the resisting 
section must be the circumference of the hole x its depth, or 
= 3'i4" X i" = 3*14 square inches. 

••• The total pressure required = 30 tons x 3*i4 = 94-2 tons. 

Torque, or Twisting Moment.* — In the case of a shaft 
having a lever, pulley, or wheel fixed to it with a force P lbs., 
applied at radius B feet from the centre of the shaft, then 

I7ie twisting moment is » P x R foot-lbs. 

Or if B be in inches, 

The torque = P x R inch-lbs. 

Strength of Solid Bound Shafts. — It is evident from the 
above, that a shaft subjected to a twisting moment must offer a 
sufficient resistance thereto, otherwise it would be twisted, or 
sheared, or ruptured through by the torque. It may be proved 
that in the case of solid round shafts their resistance to torsion 
is directly proportional to the cubes of their diamsters when made of 
the same materal and quality. f 

* The term torque was devised by the late Professor James Thomson, of 
Glasgow University, to signify twisting or tortional moment. The foot- 
lbs, of torque must not be confased with ft. -lbs. of work or with resilience, 
which is the work done in atrainivg a body as measured by the elongation 
or compression in feet x the mean load causing the strain. It will there" 
fore, perhaps save confusion, to calculate torques in inch-lbs. — i.e., to 
take the leverage or arm of the moment in inches, and the force applied 
in lbs. 

f This is evident from the fact that the shaft must offer a moment of 
resistance, or shearing moment, equal to the tunsting moment at the instant of 
rupture. Now, the area to be sheared is the cross area of the shaft 

mm 

= — D', where D is the diameter of the shaft. The mean arm or leverage at 
4 

which this resistance acts is equal to half the radius of the shaft, for at the 
centre the arm is =0, and at the circumference it is=r, the radius of the shaft. 

r D 
The mean arm is therefore s —. = -... And, if the shearing resistance per 

a 4 

square inch of cross section of the material be = S, the product of these 
three quantities vdll be the total shearing moment, and must equal the 
twisting moment — ^vii. =P x R, where P is the force applied at the end of the 
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STRENGTH OF SOLID ROUND SHAFTS. 27 1 

Let Dj, D„ D, — Diameters of three shafts, i", 2", and 3" dia- 
meter respectively. 

» Torques which they will respectively resist 
when stressed to the same extent. 

T,:T,:T,::D,»:D,«:D3» 

T* T • T •• t' • 9' • '9' 

:: I : 8 : 27. 

In other words, the strengths of the three solid shafts will be as 
I : 8 : 27. 

A good wrought-iron shaft of i" diameter has been found to 
withstand a torque of 800 ft.-lbs., or 9600 inch-lbs., which means 
thftt they will resist 800 lbs. force at i foot, or 12" leverage^ or 
400 lbs. at 2 feet, or 24'', and so on. 

Or, . P X R' ■* 800 feet-lbs. of torque 
i.e., . P X R" = 9600 inch-lbs. torque. 

Example II. — On the above basis, what force acting at the 
circumference of a pulley 20" diameter will break a wrought- 
iron shaft 2" diameter ? 

Answer. — By the above rule we have the proportion : 

TjiT, ::Dj«:D,» 
But Tj - P, X R/' = 800 lbs X 12" 
And T, = P, X E./' « P, x 10" 
/. P,Ri : P^R, :: Dj* : D,» 
i.e., P,R, X Dj» » PiRj X D,» 
^ _ P,R, X D» 800 X 12" X 8 

Or, . . P. == -b4^^ ^-^^^. vesoibs 

lever or circumference of the pulley, and R the length of the arm or radius 
of the wheel or pulley. 

Consequently, P x R = S /" — D« x ~ ^ = S — D» 

\ 4 4 / 16 

But S is a constant quantity for any particular material. Also, ir and 16 
are constants. .•. P x R vary as D'. 

At the instant of rupture the strevgth of the shaft just balances or is 
equal to the twisting moment P x R. 

••• The strength of shaft varies as D*. 
This is the same as the general statement in the text above. Without 
some such algebraical explanation, students are sorely puzzled how the 
cube of the diameter crops up ; or still more so when they see the following 
which appears in some text-books. 
The moment of resistance of ) 3T416 ,. ^ , 
a round shaft to torsion J = —[c~ ^ ^^^^^^ ^ shearing stress. 

Buch a statement is, however, quite evident after the above analysis. (We 
must leave the consideration of hollow shafts, tubes, &c., to our Advanced 
Course.) 
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Pressures on and Beactions from the Supports of Beams. 
— If a beam be supported at its extremities and loaded in the 
middle, as shown by the following figure, then not only the 
weight of the beam, but also the load, produce pressures on and 
equal reactions from the supports A and B. 

(i) Neglect the weight of the beam, and consider only the 
effect of the load W. 




Beactions at A and B. 
Load at Cbntbe and Weight of Beam neglected. 

Let Bj be the reaction at A, and B, the reaction at B. 
by taking moments about the point B, we have — 

BiXAB = WxCB 

B,xL =Wx- 

2 



Then^ 



.% Bi = 



WxL W 



2 xL 2 

Also, by taking moments about the point A we have — 

B,xBA = WxCA 



B,xL =Wx- 

2 



.*. B,= 



WxL W 
2 X L~ 2 



We thus see that the upward reactions are each = JW, and since 
action and reaction are equal and opposite, the pressures dovm- 
wards at A and B (due to the load W at the centre of the beam) 
must also be equal to ^W. 

(2) If we consider the beam as uniform throughout, and its 
weight as = «?, then this force may be supposed to act at its centre 
of gravity, or at a distance = |L from A and B. The load W also 
ac1» at a distance |L from A and B. Consequently, taking 
moments about B we have — 



B,xAB = WxCB4.m;xCB 



8 
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2 2 2 

In the same way, by taking moments about A we should find 

W t« 
that K, = — + - , and consequently the downward pressures at 

Z 2 

W w 
points A and B must also be equal to — + — . 

Example III. — A uniform beam of length L ft. and weight 
w lbs. is supported at both ends, and carries a weight W at one- 
fourth of the distance between the supports from one end ; find 
the pressures and reactions at each point of support. 







4^5 



:=B- 



L- 



w 



B 



4r 




Pressuees and Reactions at Suppoets A and B due to 
Weight op Beam and a Load at D. 

Answer. — The above figure represents the data given in the 
question ; for, the distance between the supports A and B = L ; 
the weight w of the uniform beam acts at its eg, C, or at a dis- 

L 

tance = — from each end, and the load W acts at D, or a dis- 
2 ' 

tance = — from one end A. 
4 
Then, by taking moments about the point B, we have — 

RjXAB = WxDB + w?xCB 
R, xL =WxfL +wx~ 

'■ 2 

(Divide bo4h sides of the equation by L.) 
• •• The Upward Reaction at A = Rj = f W -f \w. 

And consequently, the Downward Presswre at A being equal and 
opposite to the Upward Reaction at A, must also be = | W + |to. 
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In the same way, by taking moments about the point A, we have 

R j X B A = W X DA + w? X CA 
RjjXL =WxJL +w?x^L 
(Divide both sides of the equation by L.) 
.*. The Upward Reaction at B = JW + ^w 

And consequently, the Downward Pressure at B, being equal and 
opposite to the tfpward Reaction at B, must also be equal to 

iW + \w. 

Example IV. — A uniform beam, 12 feet long and weighing 
100 lbs., is supported at both ends, and carries a weight of 2 cwt. 
at a distance of 3 feet from one end ; find the pressure on each 
point of support. 



2l8lbsi 



 • 




w-lOO lbs. 



Take moments round B, then 

RjXAB = WxDB + w?xOB 
Rj X 12' = 224 X 9' + 100 X 6' 

... R =?^ = 218 1bs. 
12 

To find R, we get— ' * 

Ri + R, = W I w 
• •• Rj= 224+ 100- 218 
= 106 lbs. 

Transverse Stress or Bending Moment of Beams. — A 
transverse stress is produced by a force or forces acting perpen- 
dicularly to the aayis of a bar or beam. By axis we mean a line 
passing through the centres of gravity of all the transverse or 
cross sections of the bar or beam. 

(i) Load at Middle, — Consider the case of a rectangular beam 
(as represented by the first of the previous figures relating to 
beams), where the load W is placed at the centre of the beam C, 
about which point we desire to find the transverse stress or bend- 
ing moment. Then, neglecting the weight of the beam itself, and 
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confining our attention solely to the load W, we know from tbe 

W 
previous proof that an upward reaction = — is produced at A 

and at B. 

Then, by taking moments about the point 0, we have — 

W L WL 

The Bending Moment, or BM, atC = — x- = 

^ 224 




— ^c 



4.24 42 4 

Finding the Binding Moment at Centre, 
With Load W uniformly distributed along the Beam. 

(2) Load Distributed. — Let AB represent the scmie beam, but 
with the load uniformly distributed along its length, and still 
neglecting the weight of ike beam, we see that the loads on AC and 

W 

on OB are each equal to — , for they together make up the whole 

load W. These loads may be considered as acting at points mid- 
way between A and C, and midway between B and 0, or each of 

them at a distance = — from C. We have also, as before, the re- 

4 

W 

actions — at A and at B. 

2 
Then, by taking moments about the point from A or from B, 

we have — 

T^k-oTif^r.WLWL W/L L\ WL* 
The B.M. atC= — x— - — x— = 



^--> 



2 224 2\2 4/ 8 

This shows that the transverse stress, or bending moment at 

W W 

* The reaction — at A or at B is contrary in direction to — at either 

2 z 

the middle of AC or the middle of BC ; consequently, we must take the 

difference of these moments in order to get the net bending moment. 



BENDING MOMENT OF BEAMS. 277 

O, is only half the magnitude when the load is uniformly dia 
tributed that it was, when the whole load was oonce^vtrated at the 
centre 0. Consequently, a uniform beam of certain dimensions 
will bear double the load, evenly diatributedy that it can support if 
the load be concentrated at its middle or about its centre of 
gravity. 

Example V. — ^A uniform beam 1 2 feet long weighs 400 lbs., 
and is supported at its extremities. Find the bending moment 
tending to break the beam at a point 3 feet from one end, and 
the shearing force. 

Answer. — Here we have only to consider the weight of the 
beam just as if we had been considering a uniformly distri- 
buted load. Consequently, the previous figure will help the 
student, for the point about which we have to take moments is 

3 feet from one end, or —, = ^ of the whole length between the 

supports from one end.* Let that point be - from A. Then the 

weight of this part -> » ^ of 400 lbs. = 100 lbs., and may be con- 

4 

sidered to act at a point -^ from A, or halfway along — from A 

8 4 

W 

and datomoarda. In the question — = 100 lbs. for the whole 

4 
weight of the beam, or W = 400 lbs. The total weight W pro- 

W 

duces upward reactions at A and at B = — = 200 lbs. 

Then, by taking moments about the point 3 feet from A, we 
have— 

V24 48/^8 32/32 32 

N.B.— Students may always check the B.M. result as found 
from one end, by taking moments about the same point from the 
other end. The two results must be equal to each other, for 
there is equilibrium between their effects. Therefore, by taking 
moments about the same point 9 feet from B we have— 



* If the stadent experiences any difficulty in nnderstanding the above 
reasoning, he should at once draw down a fijg^ure to scale, marking all dis- 
tances, weights, reactions. &o. at their proper places. 
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B.M. = /^x3L-.3WxIx?L^ 
\2 4 4 2 4/ 



Or, the same result as before. 

Shearing Force. — ^As was previouslj pointed out in this Lec- 
ture, and as will be still further considered in the next Lecture, 
the shearing force or load at any point or any transverse section 
of the beam is equal to the resultant or algebraical sum of all the 
parallel forces on either side of the point or section. 

Consequently, in this example, the forces on the A side of the 

section, where the shearing force is asked for, are — acting verti- 

W * 

cally upwards at A and — downwards. 

••• The Shearing Force to Left oj the Section 

W W W 400 ,^^« , 

as — - — s — = z — e 100 lbs. upwarda, 

2444 
The Shearing Force to Eight of the Section 

= 2^' - 1^^ = ^ = 4?? - 100 lbs. doifmtJDard-8, 
4244 
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Lecture XXIIL— Questions. 

1. An open link chain is constmcted of ronnd wronght-lron rod, { inch 
in diameter ; calculate what is a probable breaking load on the chain. 
Wrought-iron chains are liable to deterioration by constant use ; what 
change do they undergo, and what precaution is taken to prevent their 
breaking 7 

2. A steel punch { inch in diameter is employed to punch a hole in a 
plate I inch in thic^ess. What will be the least pressure necessary in 
order to drive the punch through the plate when the shearing strength 
of the material is 35 tons ^ler square inch ? (S. and A. Exam. 1890.) Ans, 
51*56 tons. 

3. Define what is meant by *' shearing stress and strain/' " torqne or 
twisting moment.'* Show by an example that a shaft subjected to torque 
bears a shearing stress tending to sever it at right angles to its axis. 

4. What is meant by the ** twisting moment " of a shaft ? If a wrought 
iron shaft i inch in diameter breaks in torsion by a force of 800 lbs. at the 
end of a lever i foot long, what force at the end of a lever 2 feet long 
will break a shaft of the same material, but 2 inches in diameter f Find 
also the diameter of a wrought-iron shaft to resist a force of 2 tons at a 
distance of 18 inches from its centre. Ans, 3200 lbs. 2 inches full. 

5. If a shaft, 2 inches in diameter, is found equal to the transmission of 
4 horses' power, what amount of power can be transmitted by a shaft 4 
inches in diameter, all other conditions remaining the samef Ans, 32 
horse-power. 

6. If a revolving shaft, which is 2 inches diameter, Is found sufficiently 
strong to transmit 4 horse-power, how much power may be transmitted 
by a shaft which is 3 inches in diameter, supposing all the other conditions 
to be the same, and that the iron of both shafts is subjected to the same 
stress t ^9M. 13*5 H.P. 

7. If 800 lbs. at the end of a 12-inch lever be a safe stress to apply to a 
wrought-iron bar one square inch in section, find the effort which a shaft 
2 inches in diameter can transmit at the circumference of a pulley ime 
foot in diameter, and making 300 revolutions per minute. Find also the 
horse-power transmitted. Ana, 8893 lbs. ; 254 U.P. 

8. If a wrought-iron shaft of i inch diameter is broken by the torsion of 
a load of 800 lbs. acting at the end of a 12-inch lever, find the weight 
which, when applied to the end of the same lever, would break a shaft of 
the same material, but 3 inches in diameter. State, in general terms, the 
reasoning by which you arrive at the result. (S. and A. Exam. 1891.) 
Ans. 21,600 lbs. 

9. A uniform beam 10 feet long, and weighing 1000 lbs., is supported at 
both ends. A weight of 100 lbs. is placed at a distance of two feet from 
one end ; find the pressure and reaction at each point of support and make 
a side view of the arrangement to scale, marking on your sketch the 
weights, distances, and reactions at each place. Ans, 580 lbs. ; 520 lbs. 

10. Define what is meant by the bending moment and the axis of a 
beam. A uniform beam 10 feet long weighs 500 lbs., and is supported at 
its extremities. Find the bending moment tending to break it at a point 
4 feet from one end. (S. and A. Exam. 1890.) Ans. 600 ft.-lbs. 

11. A beam 12 feet long is supported at its ends, and is loaded with a 
weight of 3 tons at a point two f^^t from one end. Find the bending 
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moment at the centre of the beam, and also the shearing force. (8. and A. 
Exam. 1891.) Ang, BJiff.*36 inch-tons, S.F.— 0*5 ton. 

12. A bar of pine 44 inches long rests on props at its extremities, and josi 
supports 10 weights, of 14 lbs. each, hong at equal intervals of 4 inches 
along the rod. Find the amount of a single weight which, if hnng at the 
centre of the bar, would strain it to the same extent. Ans. 76*36 lbs. 

13. A batten of fir, 6 feet in length and supported at its extremities, will 
just sustain a load of 520 lbs. when hung at the centre. If this weight be 
removed, and two weights, each equal to P lbs., be bung at distances of 2 
and 4 feet along the bsir, what is the greatest value which may be assigned 
to P ? Ans. 390 lbs. 

14. A strip of pine, 30 inches in length between the points of support, 
is loaded with 26 lbs. hung at the centre. If weights of W lbs. are hung 
on the strip at distances of 10 and 20 inches from one end, what is the 
value of W which will produce the same bending moment at the centre as 
in the first instance ? (S. and A. Exam. 1894.) 

15. {Suppose that a shaft of 1 inch diameter may be safely subjected to 
a torque of 2000 lb. inches ; what torque will a 2|-inch sliaft safely resist ? 

Calculate the horse-power which may be safely transmitted by the 
latter shaft if its speed is 150 revolutions per minute? (S.E. B. 1902.) 
Ans. 22,700 lb. inches. ; 54 h.-p. 

16. In a timber beam of rectangular cross section, supported at tie 
ends and loaded at the centre, how would the magnitude of the breaking 
load be affected in each of the following cases 7 

(a) If the length were doubled ; 

(6) If the breadth were doubled. 

(c) If the depth were doubled ; 

(d) If the length, breadth, and depth were all doubled ; 

A beam 5 feet long, 2^ inches broad, and 4 inches deep, supported at 
the ends, breaks with a load of 3500 lbs. at the centre. What uniformly 
distributed load would probably just break it if its length were 6 feet, 
breadth 3 inches, and depth 5 inches ? (S. E. B. 1902.) Ans. 10^937 lbs. 
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LECTURE XXIV. 

Contents. — Bending Moment of Cantilevers, (i) Loaded at Centre, 
(2) Load Uniformly Distributed — Bending Stresses — Neutral Surface 
and Neutral Axis — Moment of Resistance opposed to the Bending 
Moment — Strength of Rectangular Beams — Relative Strengths of 
Rectangular Beams supported and loaded in Different Ways — Illustra- 
tions, Explanations, and Formulae for Rectangular Beams supported in 
Different Ways — Comparison of the Loads and Sizes of Beams by Pro- 
portion — Example I. — Different Sections of Cast-Iron, Wrought-Iron, 
and Steel Beams — Questions. 

Bending Moment of Cantilevers. — ^When a bar or beam is 
fixed rigi(Jly at one end by being built into a wall or otherwise, 
and projects outwards for the purpose of supporting a load, it is 
termed a ccmtUever, 

(i) Loaded at Outer End. — If, as shown by the following figure, 

M 

Load at End—* 




Cantilevbb.— Load at Outbb End. 

the load be placed at the outer end, then the maximum bending 
moment occurs at the point of support. 

••• The Maximum B.M. = W x L 

The beam, if of uniform section and material, would be broken 
close to the wall by a load sufficient to overcome the moment of 
resistance of the beam, 

(2) Load Distributed Uniformly. — If the load be uniformly 
distributed, as shown by the following figure, the beam would 
also break close to the wall if the beam was of uniform section and 
material ; but, as we shall see, it would sustain double the load of 
the previous case. Taking moments about the edge of the 
support, we have 

The Maximum B.M. = W x -L = 

2 2 
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Therefore, since the bending moment is only half what it is in the 
first case, it will take twice the load in the second case to break 
the beam close to the wall. 



Load evenly distributed. 




Cantilbvbe.— Load Unipobmly Distributed. 

Bending Stresses, Neutral Surface and Neutral Axis. — 
If a cantilever be loaded in the manner shown by the two previous 
figures, then the fibres or resisting material of which the beam 
is composed will be subjected to a tensile stress tending to stretch 
or elongate the upper layers ; whilst those in the lower half will 
be subjected to a compressive stress tending to compress or crush 
the fibres. These actions are graphically represented by the 
accompanying figure. There must therefore be one layer or hori- 
zontal longitudinal section which is neither in tension nor in com- 
pression. This surface is known as the netitral surface, and its 
intersection on any transverse section, is called the neutral aocia of 
that section, as shown by the small figure on the right hand. 







Ami* — pi I 



Nbutral Surface and Nbutbal Axis in a Cantilbvbb 

Loaded at Outbb End. 

If a beam be supported at both ends and loaded anywhere 
between the bearings (as shown by any of the four last figures in 
the previous Lecture), then the upper set of layers are naturally in 
compression, whilst the under set are in tension.*. 

* It is therefore clear, that a wooden beam may have a saw-cnt inserted 
into the apper set of layers without very materially affecting the strength 
of the beam, if the edges come together and jam up the saw-cut in the 
bending of the beam ; or, if a wedge be inserted into the cut so as to 
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Moment of Besistance opposed to the Bending Moment. 
— It can be proved by mathematics, that the resvltami cf all the 
tensional stresses (on one side of the neutral axis of any transverse 
or cross section of a beam) is equal to the residtant of aU the com- 
pressive stresses (on the other side of the neutral axis at the 
particular cross section considered). These two equal and opposite 
forces constitute a couple, whose moment is opposite in direction 
and equal in magnitude to the bending moment at the cross sections. 
It therefore constitutes the moment of resista/nce of the beam, 
which is opposed to the bending momsnt. 

Strength of Bectangular Beams. — The resisting m^oment of 
a cantilever of rectangular cross section, loaded at the outer end, 
as illustrated by the first figure in this Lecture, is expressed by 
the formula — * 

B.M. - AjBD* 

Where RM = Resisting moment in inch lbs. 

„ ^ s= Constant number found by trial depending on the 

nature of the material of which the beam is com- 
posed. 

„ B = Breadth of beam in inches. 

„ D « Depth of beam in inches. 



Then if W » Weight or load tending to bend or break beam in lbs. 
And if L = Length of beam in inches. 

The Bending Moment = The Resisting Moment. 

Or, . . B.M. - R.M. 

i.e., . • . WxL—AxBxD" 

BD' 



• • 



W ^ k 



Hence the general rule, the strength of rectangular heamns to resist 
bending is directly proportional to the breadth, to the square of the 
depth, amd inversely proportional to the length of the beam. 

Relative Strength of Rectangular Beams supported and 
loaded in Different Ways. — We have already proved the rela- 
tive values of the bending moments for rectangular beams 
supported and loaded in the following ways, and we have also 
proved that the relative bending moments are inversely as the 

transmit the compressiye stresses. A saw-cut, however, in the lower side 
would YOTj: much affect the strength of the beam. 

* We shall have occasion to analyse and prove this formula in our 
Advanced Course. 



284 



LECTURE XXIV. 



LLLUSTBATIONS, EXPLANATIONS, AND FOBMULiE FOR EeGTANGULAB 

Beams supported in Different Wats. 




Casb I. — Fixed at one end and loaded at the other. The bending moment 
has maximum advantage. Therefore — 




Case II. — Fixed at one end and loaded uniformly. Here the bending 
moment has only J the advantage that it has in Case I. Therefore — 







Case III. — Supported at both ends and loaded at the centre. Hero the 
bending moment has only i the advantage that it has in Case I. 



Therefore— 



W=4Ai 



BD^ 




Case IV. — Supported at both ends and loaded uniformly. Here the 
bending moment has only } the advantage that it has in Case I. 



Therefore — 



W=8ife 



BD3 



LOADS AND SIZES OF BEAMS. 



28s 



relative strengths or loads which they can support. Hence for 
beams: 



WaTB TV WHICH BHAMB ARE SUPPORTED 

AND Loaded. 


Belative 
B.M8. 


Belatlre 

B.M8. or 

Strengths. 


I. Fixed at one end and loaded at the other . 
II. Fixed at one end and loaded uniformly 
III. Supported at both ends and loaded at centre 
rV. Supported at both ends and loaded uniformly 


I 

1 
i 

i 


I 
2 

t 



Compaxison of the Loads and Sizes of Beams by Ifro- 
portion. — We have already stated that the constant numerical 
value represented by k (in the preceding formula for the 
strengths of beams having a rectangular cross section) has to be 
ascertained by trial. The usual way is to take a comparatively 
small beam of the same material, and to support as well as load it 
in the precise manner that the actual beam has to be supported 
and loaded. 

Then, by carefully ascertaining either the breaking load of this 
elementary beam (if it should be the ultimate strength that is 
required), or the load which produces a certain safe ratio of the 
deflection from the horizontal to the distance of the load from it« 
support (if it should be the aa/e load that is desired), you substi 
tute the numerical values of these loads in the formula, and 
tliereby ascertain the probable ultimate strength or safe load of 
the full-sized beam to be used in practice. 



Let 



99 

n 

99 



t(7cs Weight or load carried by the experimental beam. 
b s Breadth of the experimental beam in inches, 
ci = Depth „ „ „ „ 

Z = Length „ „ „ „ 

W ^ Weight or load to be carried by the full-sized beam, 

B = Breadth of full-sized beam in inchss, 

D = Depth 

L = Length 



») 






Then, if the Puoo beams are supported and loaded in exactly the 
sa/TM wayt we have by proportion — 

6 : B : : «>: W 
cP : D* : : i#>: W 
L : i : : «7 : W 
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By combining these proportions we get — 

b<Ph : BD»Z : : w : W 
Or, . . Wxbd^h^wxBjy'l 

Note — voLjld^ therefore takes the place hereof the constant k in the 
previoas formnlss. 

Example I. — ^A bar of teak, i inch square and 12 inches 
between the supports, breaks with a load of 820 lbs. when hung 
at its centre. Find the breaking load at the centre of a bar of 
teak, 3 inches broad and 3 inches deep and 7 feet between the 
supports. If the bar be 2 inches broad instead of 3 inches, what 
should be its depth in order to support the same weight at the 
centre ? (S. and A. Exam. 1888.) 

AiTSWEB. — Here, m the first ccuCj 6«i"; d^i"; 1*^12"; 
w = 82olb&; B-a"; D-3"; L-y'-y x i2" = 84". 

Consequently, by the previous formula just deduced^- 

W-.82ox3><3X3x|^^82ox3X3X3^3^^^,3^^^ 

7 

In the second case we might quite easily substitute the 
numerical values as we did in the fret case, and thereby arrive at 
the result ; but it will be seen at once by the student, that since 
the only variable introduced into the second part of the question 
is the breadth, we have only to equate the breadth and depth to 
the constant load W. Thus, by calling Bj = 3" ; B, - 2" ; D^ « 3" ; 
and D, the depth to be found, we have at once, from the above 
formula, since the load W and everything else are eonetomte^ 

A 

Bj X Dj is proportional to W ; 
B, X Dj is also proportional to W ; 
.•.BiXDJ = B,xD; 
Or, . . 3"x9 = 2"xDj 

••. D, = Ji3-5= 3-674 inches. 
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Different Sections of Cast-iron, Wrought-Iron, and Steel 
Beams. — Having shown how the strength of a rectangular beam 
varies directly as the breadth B, and as the square of the depth 
Dy it is natural, in the case of materials such as cast iron, 
wrought-iron, and steel (which vary in regard to their resistance 
to extension and compression), that we should endeavour to show 
how these materials may be most economically disposed, so as to 
withstand the greatest load for a minimum of weight and cost 
In the case of wooden beams, where it is found unprofitable to 
make them into any other shape, than the plain rectangular form 
— unless it be for purely architectural or artistic purposes — we 
only considered their strength when of that particular section ; 
but it becomes quite another matter, when we have to consider 
the case of iron, for this material in its various modifications may 
be cast or rolled into any required shape, and therefore the 
weight and disposition of the material ha7ea special bearing upon 
the cost and strength of iron beams. 

Cast-iron Beams or Girders. — The term girder is technically 
applied to beams of cast-iron, wrought-iron, or steel, which are 
used for spanning comparatively long distances, such as road 
or railway bridges, or large warehouses. As will have been 
observed from the table of ultimate strengths 
in Lecture XXII., the ratio of the ultimate 
strengths of cast-iron to compression and 
tension is as 45 to 7*5 tons ; and further, 
since the stress on any material of which a 
beam may be composed is smaller and smaller 
the nearer the neutral surf ace, it is but 
natural that we should make the upper 
flange of a cast-iron beam which is supported 
aJb hoik ends smaller than the lower one, since Section of a 
the upper flange, being in compression, will Cast-Ibon Beam. 
obviously marntain a stress six times as great 
as an equal section in the lower side. On the other hand, if the 
cast-iron beam is of the caMilever type, where the upper side is 
subjected to tension and the lower side to compression, we should 
make the upper flange about six times as strong as the lower one. 
In practice, however, for the sake of obtaining a sound casting, 
(i.6., having regard to the way in which the crystals of the metal 
naturally arrange themselves), the flange in tension is only made 
about four times the cross sectional area of the flange in com- 
pression as will be seen from the accompanying figure. 

For vertical columns of cast iron, where the stress is purely one 
of compression, the H form is provided with flanges of the same 
dimensions at each end of the web, or, to come to the most 
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common form of strut — viz., that of the vertical cylindrical 
column — -the section is that of a circle, or an O, since the stress is 
equally disposed throughout the cross section of the material. 

WroTight-Iron Beams and Girders.— Referring to the 
same Table of Ultimate Strengths and Working Loads in Lecture 
XXI I.J we see that the resistance to tension is 25 tons per square 
inch and to compression 20 tons, but from an average of a large 




.■^^^^K->^^^^;-nx 





Cboss Section op 
A Wbought-Ibon 
Beam. 



Cboss Section op 
A Wbought-Ibon 
Box Gibdeb. 



Cboss Section op Chan- 
nel Ibon. — Stbekgth 

IS LAB6BLY DUE TO THE 

Depth op the Sides. 





>';*^-^^s>!?<j>^>^>«^^-^» 



Obdinaby L Ibon. Special L Iron Obdinaby T Ibon. . Stebl 

POB Heavy Beam. 

Loads. 

Cboss Sections op Wbouqht-ibon and Steel Beams. 

number of specimens it is found that the resistances to those two 
kinds of stresses is about the same. Consequently, the material 
may be disposed of equally between the top and bottom flanges, 
and remembering that the stress at the neutral surface is zero, 
we have only to connect the flanges with a sufEcient thickness 
of metal to keep them together and to transmit the vertical 
shearing stresses. Wrought-iron beams and girders are therefore 
constructed of the forms shown by the flrst two figures above. 
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In special ccuses, such as ship-building and hridge-buildingy 
different forms of angle iron, T iron, and channel iron are used, 
as shown by the next four figures. 

Steel Beams** — Referring once more to the Table of Ultimate 
Strengths and Working Loads in Lecture XXII., we see that the 
resistance of steel to tension is only 45 tons per square inch of 
cross section, whereas it withstands 70 tons per square inch 
against compression. Consequently, in forming beams of this 
material, where the beam is supported at both ends, and the load 
is either placed in the middle or distributed, the bottom flange 
which is in tension must be made about double the cross area or 
weight of the top one, as shown by the last figure. 

We have merely touched the fringe of this important subject 
on metal beams. We shall therefore have to return to it again 
in the Advanced Course. 

* The Author is indebted to Messrs. P. and W. MacLellan, the well- 
known mannfacturers of cast-iron, wronght-iron, and steel beams, for the 
full-size drawings of the various sections from which these reduced fignres 
have been made by the Publishers, with the aid of photognq^y. 
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LsOTtJRS XXlV.— QtfKStlOKi. 

t. A Wooden beam, supported at both ends and loaded iA the middle, 
may have a saw-ont made upon the upper side without affecting the 
strength to an appreciable extent (if a wedge is inserted). How do jon 
account for this result f 

2. It will be observed that wooden beams are usually made rectangular 
in form, -the depth being greater than the width. State the advantage that 
if derived from this form of arrangement, and the relation of strenjgth in 
proportion to depth, width, and distance between the supports. 
. 3. State the relative strengths of similar rectangular beams under the 
foUowing varying conditions : — 

(a) When fixed at one end and loaded at the other. 
(&) f., „ and load distributed, 

(e) When supported at both ends and load at centre. 
(a) „ „ „ „ distributed. 

4. Given that a rectangular rod of fir, 10 inches long, i inch broad, and 
I Uich deep, and supported at both ends, will just sustain 540 lbs. , when 
himg at its centre ; what should be the depth of a bar of like wood 5 feet 
long and 2 inches broad, and supjwrted at both ends, in order to support a 
load of { of a ton when hung at its centre Y Aru. 3*05 inches. 

5. A wooden beam is commonly rectangular in form, the depth beins: 
greater than the breadth. State the law according to which the strengtS 
of the beam to resist a cross or transverse stress is connected with tlie 
breadth and depth. Two beams are of breadth 5 and 6 inches, and of 
depths 8 and 9 inches respectively ; write down the numbers which re- 
present their respective strengths in resisting transverse stresses. Ans. 
160 : 243. 

6. Two wooden beams are' each loaded in the centre and supported at 
the ends ; one is solid and measures 8 inches x 8 inches in cross section ; 
the other is made up of two beams each 8 inches broad and 4 inches deep, 
and placed one oyer the other so as to have the same sectional area as 
before. Will there be any difference in the breaking load of the beams, 
and if so, how much will it be T State the reasoning on which you rely. 
(8. and A. Exam. 1889.) 

7. There are two beams of the same kind of timber, each of which is 
supported horizontally by props at the ends. One beam is 10 feet lon|^, 
7 inches broad, and 5 inches deep, while the other is 13 feet long, 5 inches 
>road, and 7 inches deep, which beam will bear the greatest load on ita 
centre t Ant. Wj : W, : : 13 : 14. 

8. A beam of timber, rectangular in transverse section, is 2 inches broad, 

3 inches deep, and 4 feet in length, and rests upon supports at its ends. 
The breaking load on the centre is 2000 lbs. What would have been the 
br^iking weight if the beam had been 4 inches deep, 2 inches broad, and 

4 feet between the supports, but loaded at a distance of i foot from the 
and? (S. and A. Exam. 1887.) Ant, 4740*74 lbs. 

9. Find the breaking weignt at the centre of a beam of Memel fir, 
12 inches deep, 10 inches wide, and 20 feet between the points of support. 
The breaking weight at the centre of a beam i foot long and i inch square 
Is 545 lbs. An$. 39,240 lbs. 

la A rectangular batten of fir, 6 feet in length, 2 inches broad, and 
3 inches deep, u supported at its ends and can sustain a weight of 1 100 lbs. 
wbtD hung »t the oentr^i. If the load w«r« equally distributed Instead of 
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being hulig at the centre, how mnoh wonld the betteti topport t Anf 
i2oo lbs. 

1 1. A rectangnlar beam of timber is sapported at both ends, and can^nst 
bear a weight of W lbs. evelily distributed without breaking. If the load 
were all brought into the centre, how much should the breadth of the beam 
be increased, the depth remaining unchanged T Again, if the breadth 
were to remain constant, by how much should the depth of the beam be 
increased ? Bxplain clearly the reasons for your answer. Ans. Twice ; 

V2 times. 

12. A rectangular beam of timber supported at both ends, and of a given 
breadth and depth, just supports a load, W, at its centre. If the load be 
shifted to a point halfway between the centre and one end, by how much 
may the depth be reduced ? Ans. 13*4 per cent. 

13. Show, with sketches, the best forms and sections of flanged beams, 
(t) of cast iron, (2) of wrought iron, when supporting a load at the centre, 
and state the reasons which determine the particular forms. 

14. Explain why iron girders aire made with flanges at the top and 
-bottom united by a web of metal, instead of being rectangular in section. 
What condition decides which of the two flanges shall contain the most 
metal? 

15. Girders for carrying a load on their top flange, if of cast iron, have 
the section of metal on the bottom flange greater than on the top flange, 
but when made of wrought iron this rSe does not hold. Why is this f 
Sketch a section of an ordinary cast-iron girder to carry a wall over a 
gateway, and of » wronght>iron plate girder for the same purpose. (S. and 
A. Exam. iSgo.) 

16. A beam of wood, rectangular in section, is fixed at one end and 
loaded at the other. What is occurring at various places in any imaginary 
cross section ? Sketch any thing you have seen or used which illustrates 
your ideas about bending. (S. &; A. Exam. 1897.) 

17. Uniform beams of timber of the same sizes are loaded and supported 
as follows : i. Loaded at one end, and fixed at the other. 2. Fixed at 
one end, and uniformly loaded all over. 3. Supported at the ends, and 
loaded in the middle. 4. Supported at the ends, and loaded uniformly all 
over. 5. Fixed at the ends, and loaded in the middle. 6. Fixed at the 
ends, and loaded uniformly all over. What are their relative strengths ? 
What are their relative stiffnesses 7 Where ia each most likely to break t 
(S. &A. Exam. 1898.) 

18. What are the functions of the top and bottom booms and of the 
diagonal pieces of a railway girder? Why are the booms usually larger in 
section towards the middle of the girder, and the diagonal pieces usually 
larger towards the end of the girder 7 (S. E. B. 1901.) 

19. A beam of timber 2 feet long, 3 inches square, supported at the 
ends and loaded at the middle, breaks with a load of 7500 lbs. What 
load may be expected to break a beam of the same material, fixed at one 
end and loaded at the other, length 10 feet, breadth 5 inahes, depth 
9 inches ? (S. E. B. 1901.) Ans. 5625 lbs. 
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LECTUEE XXV. 

OoKTBHTS. — HooIe«'b Cosptiog or UolTergBl Joint— Double Hooka's Joint 
— Sun and Fliuiet Wheels '-Cams— Heart Wheel or Heort-ibaped Oun 
— Cam for Intormittmit Motion — Quick Return Cnm— ExamjpLe — 
Pawl and Ratobet Wheel— Revereible Pawl— Masked Batchet— ^eot 
Feed — Watt's Parallel Motion— Parallel Motion— Qaestlons. 

In this and tlie following Lecture we shall examine a few of the 
many devices for transmitting circular motion and for Goaverting 
it into rectilinear motion, or vice vertd, together with other 
miscellaneous mechanisms. 

Hooke'a Coupling or ITnlveraal Joint, — Thix ik a oontriyance 

•ometimes used for connecting two interacting b1 afts. Each of 

the shafts ends in a fork, F,, F^ 

which embraces two arms of the 

crosspiece, 0. The four arms of 

this cross ore of equal length. As 

C, rotates, F, and F, describe 

circles in planes perpendicular to 

their respective axes. Since these 

planes are inclined to each other 

the angular velocity of C, at any 

Hookb's Joint. instant is different from that of 0,, 

but the mean angular velocities are 

equal to one another, because at one ioEtant C, goes fai-ter than C„ 

and at onothw slower. This joint will not work when the two 

shafts are inclined at 90°, or any fiinaller angle, to each other. 

Double Hooke'a Joint. — The variable velocity ratio obtained 
with a Hcoke's joint mny be obviated by the use of two joints 
instead of one. The forks are connected by nn intermediate link, 
C^ which must be carried on corresponding arms of the two 
crosses, as shown in the next figure. If the intermediate shaft 
be equally inclined to the other ' 
two shafts, the irregularities caused 
in the motion by its transmission 
through the first coupling are 
exactly neutralised by the equal 

and opposite ones caused by the _ " _ „ „,„,, t™_ 
»coDdi^t. The lir.1 .rd third DooBU Hoom Jon>i. 
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shafts, therefore, revolve with the same velocity at every instant. 
The double joint works equally well whether the two extreme 
axes are inclined as shown in the figure, or are parallel to each 
other but not in line. 

Both the single and double Hooke's joint are, as a rule, used 
only for light work, such as for astronomical instruments. 

Sun and Planet Wheels. — This device was invent.ed by Watt 
to convert ,the oscillatory motion of the beam in his engines into 
the; circular motion of the flywheel. As will be seen frpm the 



 



, -^ / 




Sun and Planet Whebls. 



first figure, it consists of a wheel D, rigidly fixed to the connect- 
ing rod D B, -and kept in gear with another wheel C, by the 
link D E 0. The wheel C, is keyed to the flywheel shaft. As 
the beam oscillates, up and down, the connecting-rod pulls D up 
one side of, C, and pushes it down the other. It thereby causes 
C to rotate, and with it the shaft and flywheel.* 

Cams. — Cams are usually of the form of discs or cylinders. 
They rotate about an axis, and give a reciprocating motion to 

* See Vol. I., Lecture XIX., of the author's text-book on "Applied 
Mechanics " for a despription of epicyclic trains and the application of the 
formula to this case. ' Watt first applied this motion to his *' Double Acting 
Steam Eogine" in 1784. See Lecture XVIII. of the author's eiementaiy 
manual on "Sicaji and the Steam Eogine." 
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some point in a rod by means of the form of their periphery or 
surface, or by gi^ooves in their surface, 

The cam generally revolves uniformly round its axis, whilst the 
reciprocating motion may be of any nature, depending on the 
shape of the cam, and may be in a plane inclined at any angle to 
the axis of rotation. In the following examples, uniformity of 
rotation is assumed in the case of the cam, and the motion of the 
reciprocating pi^^e takes place in a plane perpendicular to the 
axis. 

Heart Wheel or Heart-shaped Cam. — Suppose that it is 
required to give a uniform 
reciprocating motion to a 
bar moving vertically be- 
tween guides^ and in a line 
passing through C, the centre 
of motion of the cam plate. 

Let the sliding bar be at 
its lowest position, as shown, 
and when in its highest 
position let its extremity be 
at the point 6. The distance 
thus moved is called the 
travel and will be passed over 
during one-half revolution 
of the cam. The requii*ed 
curved outline may be ob- 
tained in the following 
manner : — With centre 0, 
describe circles passing 
through the extreme posi- 
tions of the end of the rod. 
Divide the travel into, say, 
six equal parts at the points 

I9 2, 3, &c. Divide the semi-circumference into the same number 
of equal parts by radial lines C i', C 2', &c. Then with centre C, 
draw the concentric arcs i, i' 




Hj£abt-shaped Cam. 



2, 2'; 



&c., intersecting these radii 
in the points i', 2', 3', &c. The dotted line drawn through these 
points will represent the required curve. 

If the end of the sliding bar rests on this curve it is clear, that 
for equal angles turned through by the cam, the bar will mov^ 
outwards through equal distances, and consequently, will have 
uniform linear motion imparted to it. The return motion will 
evidently be obtained by the similar and equa) purve i", 2", 3", 
^,, on the opposite §i(}§ of the cai{i. 
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A cam 80 formed would impart the required motion to a point. 
If the end of the sliding bar be provided with a roUor in order to 
diminish the frictioD, then the ehape of the cam must be altered 
BO that the centre of the roller ehall move over the outline of the 
cam as traced above. To aocomplish this, we must draw a curve 
inside the original one \>y deecribing small arcs with centres on 
tfae original curve as at i', 2', 3', iijC., with a radius equal to that 
of the roller, and then by drawing a smooth curve touching these 
arcs, as shown by the heavy line in the figure. 




Qix Oimto AK Intbkvai, or Ritsr. Oah Givihq a Quick Ri 

0am for Intermittent Motion. — Sometimes the i 
imparted by a cam is intermittent, Por instance, a co 
form of lever punching machine is fitted with a cam which 
the punch an upward movement, then a period of res! 
finally a downwtuvl movement during each revolution, 
example of this, let us set out a cam to impart vertical i 
to a bar, so that the latter shall be raised uniformly durit 
first half revolution, remain at rest during the next one 
and descend uniformly during the remainder of the revolut 

As before, suppose the reciprocation to be in a line p 
through C, the centre of motion of the cam plate. Then 
centre G, draw circles passing through the extreme positii 
the end of the bar. Divide the circumference into three 
corresponding to the periods of one-half, one^zth, and one 
revolution, by drawing radial lines making angles of 180'' 
Mid 120°. Since the motion is to be uniform, divide the 
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into a convenient number of equal parts, say twelve ; and the 

circumference into the same number of equal parts by radial lines. 

Draw the concentric arcs 2, 2"; 4, 4"; &c., and 3, 3'; 6, 6'; Ac,, 

as shown. The curves through 

the points so determined will 

give tie required motions. The 

interval of rest will evidently be 

given by the circular portion 

from 12" to 12'. The complete 

outline is represented by the 

heavy line in the diagram. 

Quick Betiirn Cam. — The 
student will readily understand 
from the right-ban 1 iigure, that 
if two-thirds of a revolution be 
occupied in raising the motion 
bar nnd the remainder in lower- 
ing the same, the return stroke 
will be performed in half the 
time of forward stroke. The 
curves of this cam are found in 
the same way as in the previous 
examples. 

Example. — A vertical bar, 
moving in guides, is driven by 
a circular cam plate having a 
centre of motion in the centre 
line of the bar. The distance 
from the centre of motion to the 
centre of the plate is 2 inches, 
and the bar exerts a pressure of 
10 lbs. when rising, but falls by 
its own weight. Find the work 
done in 100 revolutions of the 
olate. 




CM 



Circular Cam Plate. 

Index to Parts. 

G represents Gnides. 
VB „ Vertical bar. 

S R „ Sliding roller. 

C C P „ Circalar cam plate* 

C P „ Centre of plate. 

CM ,. Centre of motion. 
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Answer. — Since the distance between the roller S R, and the 
centre of the plate C P, remains constant as the plate revolves, 
it is evident that the bar will move as if it were actuated by a 
crank of length equal to the distance between C M and C P, and 
a connecting-rod of length equal to the radius of the plate. Hence, 
the stroke of the bar will be 4 inches, or J foot — i.e., twice the 
length of the equivalent crank. Neglecting friction, the work 
done in raising the bar by one revolution of the plate, will be : — 
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Pressure x distance moved = lo x J ft. -lbs. 

♦•• Work done in loo revolutions =ioox ioxJ = 333^ ft.-Ibsy 

Pawl and Batchet Wheel. — A toothed wheel which is acted 
upon by a vibrating piece, termed a dick or pawly is called a ratchet 
whwl, Ratchet wheels are made in many different forms, and ara 




Pawl and Ratchet. 



used for a variety of purposes. For instance, clocks and watches 
are usually provided with ratchet wheels to allow the spring or 
weight to be wound up, without disturbing the rest of the works, 
and they are used to drive the feeding arrangements of many 
machines. When, as in the latter case, the click or pawl drives 
the ratchet wheel, it is carried on a vibrating arm. In the first 
figui'e, A B is the vibrating bar which drives the ratchet \vheel, 
by means of the click B C, and teeth C C, when moving in the 
direction shown by the arrow. When A B moves back to A B', 
the click slides over the top of the next tooth and drops behind it. 
It is then ready to drive the wheel through the space of another 
tooth when A B again moves forward. While the pawl is moving 
back from B to B', the wheel is prevented from moving with it 
by another pawl or detent, b C In this case, the vibrating bar is 
on the same axis as the ratchet wheel ; but this is not always 
80. The reactions between the teeth and the pawl keep them in 
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contact with each other. The reeultant pressure of the teeth on 
the pawl must therefore be such, that its moment tends to turn the 
pawl towards A, the centre of the ratchet wheel. This condition 
evidently is satisfied if C D, the direction of the resultant pressure 
at C, passes between A and the axis B, about which the pawl 
turns. Similarly, the moment of the resultant pressure on the 
detent must tend to turn it towards A, but its direction, d C (not 
d)j must lie outside A b, because this detent ends in a hook. 




Revebsible Click. 



Both pawls might have been like B C, which acts by pushing, or 
both hooks, which act by pulling, like b C. The pawls are pressed 
against the ratchet by their own weight, or by springs, according 
to circumstances. When a ratchet wheel is used only to prevent 
the; reooil of the axis on which it is fixed, the vibrating arm is, of 
cours0, not required, and only the detent is used. 

Beyereible Pawl. — The above figure shows a form of click used 
in the feed motion of shaping and other machines. The ratchet 
wheel id here an ordinary toothed wheel, and the click B C is so 
shapied.as to be able to. drive it either way. When the click is in 
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the position shown in full lines, it drives the ratchet wheel in 
the direction of the arrow. When the wheel is required to rotate 
the other way, the click is lifted over to the dotted position ; and^ 
if it he desired to stop the feed motion without stopping the 
machine, the click is put in an upright position. A portion of 
the pin at B, which turns with the click, is triangular in section. 
A spring presses on this part and so keeps the click in any one I 
of its three positions. The ratchet wheel is keyed to A, the axis ' 
of the screw which moves the slide carrying the cutter, and the 
friction between this screw and its nut is sufficient, without any 
detent, to prevent the ratchet from moving back. The vibrating 
arm A B, which carries the click is driven by a small eccentric 
or crank. The pawl may, of course, be made to move the ratchet 
more than one tooth at a time by adjusting the angle through 
which A B vibrates. 

Masked Batohet. — In numbenng machines it is often neoessaiy 
to print the same number twice, as in cheques and their counter- 
foils. The ratchet which shifts the type wheels must therefore 
be moved at every alternate back-stroke of the printing machine. 
This may be accomplished by putting a second ratchet, running 
free on the shaft, alongside the driving one and making the pawl 
broad enough to move both. The second ratchet has the same 
number of teeth as the other, but its teeth are made alternately 
deep and shallow. It is also a little larger than the driving 
ratchet, so that the pawl passes over the top of the teeth of the 
latter, without moving it, when in a shallow tooth. Next stroke 
the pawl drops into a deep tooth. This allows it to catch the 
teeth of the main ratchet and so shift the type wheel. This 
arrangement is called a masked ratchet. 

Silent Feed. — ^A ratchet wheel is always more or less noisy in 
action, and the wear caused by the sudden drop of the pawl is 
considerable. To avoid this, a friction catch is sometimes sub- 
stituted for the pawl and a grooved wheel for the toothed one. 
The pawl and ratchet then becomes a sil&ni feed. The action of 
this arrangement will be easily understood by a reference to the 
figures. E is an eccentric cam tapered at its edge to fit the 
groove in the grooved wheel G W. When E C moves in the 
direction of the arrow the friction causes it to turn about its axis, 
and, since the axis is not concentric with the circular part of its rim, 
it gets wedged in the groove. Hence, for the rest of the stroke, the 
lever carries G W round with it. At the beginning of the return 
stroke, E G turns in the opposite direction, and so gets released 
from the groove. A detent E D, precisely similar to E 0, but 
carried on a fixed arm, prevents the wheel from moving back- 
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wards. The lever L L, is workecl by an eccentric, and the length 
ot its stroke may be adjusted by altering the position of the end of 
the eccentric rod E R, in the slot. The full-page itlustration shows 
a sawing ■nacbine, with this feed motion at the right-baud stdBi 
^^ CW 



Index to Farts. 
GW for Grooved wheels 
BO „ Eccentric catu. 

1. „ Lever. 
B D „ Sccentric detent. 
E R „ ScGCDtrio red. 



WoBSBAu's Silent Fbxd. 
Watt's Parallel Motion. — Befening to the illustration of 




Watt's double-acting engine, previonsly mentioned in this Lecture, 
the student will notice that the beam and piston-rod are connected 
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by a set of links. This system of links has been called Wait^a 

Parallel Motion, The first figure will serve to show the principle 

on which an approximate rectilinear motion is obtained. Part 

of the beam of the engine is shown in three different positions, 

C Tj, C T„ and C T,. The point, T, in it is connected by the 

link, T ^, to the end of a lever or radius rod, c t, pivoted at c. 

In their mid positions, T„ o <,, these two levers are usually 

parallel to each other, and perpendicular to the line PjP, P,. 

The point, T, describes an arc of a circle round C, and t round c. 

As these arcs curve in opposite directions, we should expect 

some intermediate point on the link T ^, to curve in neither 

direction, but to describe an approximate straight line. This 

Vt CT 
point P may be found by making -pm = — r. The actual path 

of P IB like the figure 8, and the parts which cross are very nearly 
exact straight lines for a short distance on either side of the 
crossing. 

Prof. Rankine gives the following construction for the lengths 
of the links in his Machinery a/nd MiUwork . — Let A be the centre 
of the beam, G D the centre line of the piston-rod's motion, and B 
the mid position of its end. Draw A D perpendicular to G D. 
Make D E equal to one-fourth of the stroke, and join A E. Draw 
E F perpendicular to A E, and meeting A D in F. A F. is the 
length of the beam. If G be the point where the radius, rod cuts 
G D, draw G K at right angles to G D, and make D H equal to 
G B. Join A to H, and F to B, and produce A H and F B to 
meet G K in K and L. Then, F L is the connecting link^ K L is 
the radius rod, and B is tne point on the link F L, to which the 
piston-rod must be attached. 

Parallel Motion. — In the accompanying figure A B T < is a 
parallelogram, and c is a point in A t produced. In the meantime 
we will leave the links T and B D out of account and consider 
the parallelogram only. Join B c and we have two similar 
triangles, B A c and P ^ c. 

••• g-T = T~"» Gr, V t = BA -T-- =r a constant. 

That is, in every position of the parallelogram, the point P 
remains in one fixed position in the link T i. Moreover the ratio 

Be. 

p- is constant, and, therefore, whatever path P traces out, B will 

trace out a similar one This is the principle of the pantograph^ 
which is used for enlarging or reducing drawings. Now, we have 
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just seen how we may make P move in an approximate straight 
line by the link C T. B will, therefore, also move in an approxi- 
mate straight line. We might have guided £ instead of P with 
a radius rod, but this would have necessitated longer and heavier 
links and would have occupied more space. 

In applying this motion to his engine, Watt made A ^ c the 
beam, and attached the piston-rod to B and the air pump-rod to 




Paballel Motion. 



Parallel Motion for Richard's 
Indicator. 



( 



P. The lengths A c,tc were, thei efore, pioportional to the strokes 
of the piston and pump bucket respectively. Sometimes a third 
link was added so as to get a second parallelogram and a second 
point moving parallel to P, and this was used to drive the feed- 
pump. 

The right-hand figure shows the parallel motion of Bichard's 
steam engine indicator.* The student will at once see that it is 
a modification of Watt's parallel motion. In this case the piston- 
rod P R is guided by a collar so as to move vertically, and is 
attached bv the link E F to the bar C D, between D and the 
centre C. The motion (>f p, to which the pencil is attached is, 
therefore, a magnified copy of the piston's motion. 

* See Lecture XVI. of the author's " Elementary Manual of Steam and 
the Steam Engine *' for a description of this indicator. 



LECTURE XXV. QUESTIONS. 305 



LbCTUBB XXV.— QUBSTIONfiU 

1. Describe Hooke's joint for connecting two axes whose direotions meet 
in a point. (S. k A. Exam. 1895.) 

2. Sketch and describe the doable Hooke's joint, and explain why it is 
used in certain cases in preference to the single joint. 

3. Explain the manner in which Watt used the so-called Son and Planet 
Wheels as a substitute for a crank and connecting-rod, and acoonnt for the 
result which he obtained. (S. & A. Exam. 1892. ) 

4. Sketch a cam for giving a bar a uniform reciprocating motion, and 
explain how you find the form of its periphery. 

5. Set out a form of cam which, when acting on a bar by uniform 
rotation, will cause the backward and forward motion of the bar to have 
an interval of rest between each. (S. & A. Exam. z888.) 

6. Describe, by the aid of the necessary sketches, how the circular 
motion of the driving pulley is converted into the reciprocating motion of 
the punch in an ordinary machine for punching holes in metal plates. 
Calculate the approximate maximum pressure in pounds at the end of a 
punch in cutting a hole i inch in diameter through a steel plate | inch 
thick, the resistance of the plate to shearing being taken as 50,000 lbs. per 
square inch of section. (S. & A. Exam.. 1894.) Ans. 98,175 lbs. 

7. Describe the nature of a cam, and give any examples you know of for 
which it is used. (S. & A. Exam.) 

8. What is a cam f Show, with a sketch, how to obtain by means of a 
cam a motion in a direction parallel to the axis of rotation. (S. & A. 
Exam. 1887.) 

9. What is a cam 7 For what purposes in mechanism are cams generally 
used 7 Sketch and describe the construction and actual form of a cam in 
use in any machine with which you are acquainted. Sketch a cam which 
would give a slow forward and quick return motion to a reciprocating 
piece, with an interval of rest between the two motions. (S. & A. Exam.) 

la How is a cam in the form of a heart set out, so that when the cam 
rotates uniformly it may cause a sliding piece to move to and fro with a 
uniform velocity 7 (S. & A. Exam.) 

11. Determine a form of cam which, by rotating uniformly, will com- 
municate a reciprocating movement to a sliding bar, but with an interval 
of rest at the beginning and end of each stroke. (S. & A. Exam.) 

12. Sketoh a pawl and ratchet wheel as used for preventing the recoil of 
the gear. 

13. Describe a ratchet wheel, and the manner in which it is held and 
driven. Show its application in a ratchet brace where it is combined with 
a lever and screw. Sketch the contrivance, and point out the manner in 
which the drill is advanced. (S. k A. Exam.) 

14. Sketch a ratchet feed motion, such as is suitable for a planing 
machine, and explain the manner in which the amount of feed is regulated. 
(S. & A. Exam. 1892.) 

15. What is a ratchet wheel, and how is it driven 7 In what way can it 
be arranged that a ratchet wheel shall advance half the space of a tooth at 
each stroke of the driver 7 (S. & A. Exam.) 

16. By what contrivance may a ratchet wheel with 6g t^etb be made to 
^t as if it had 190 teeth ? (S. k A* Szam.) 

V 
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17. Sketch and describe tome fonn of pawl which will drive a ratche 
wheel during both the forward and baclnn^d strokes. 

18. It is sometimes useful to advance a ratchet wheel at every altemait 
fom^ird stroke of the driver, instead of at every stroke, as is commonly 
the case ; describe and sketch a mechanical contrivance which will give 
inch a movement. 

19. Describe, with the necessary sketches, some form of silent-feed 
arrangement commonly used instead of a latchet wheel, for advancing the 
timb^ in sawing machines. Explain the ] linciple of the friction grip upon 
which snoh a contrivance depends. (S. & \. Exam. 1S93.) 

2a A.pinion with 20 teeth works in a straight rack, the distance from 
centre to centre of the teeth in the pinion being } inch. The pinion is 
driven by a ratchet wheel with 40 teeth fixed on the pinion shaft ; find 
the advance of the rack in inches for each tooth mov^ through by the 
latchet wheeL (8. & A« Exam.) Ang, '2$ inch. 

• 21. Sketch and describe a vertical sawmill, showing how the silent feed 
is applied. 

22. Explain the principle of Watt's approximate straight-line motiooi 
commonly called a " parallel motion." By what combination of linkwork 
is an exact straight-line motion obtained! (8. ft A. Exam. 1893.) 

23. Sketch and describe the action of a rachet wheel. For what 
purposes are Fuch wheels used Id macbine tools? Show how a rachet 
wheel of 30 teeth can be used to give a feed throngh -^th of a revolution 
at each stroke of the arm of the pawl. (S. B. B. 1900.) 
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Be»er*iDg Motion— Whit worth's Quick Retarii Motion— Whit worths 
Slotting Machine — Common Quick Return ^ Horizontal Shaping- 
Machine— Quiclc Retorn with Elliptic Wheels— Vertical Slotting 
Machin e — Qn estioue. 

Berersing Hotiona. — Planing Machine. — In Lecture XI. 
'we illustrated and described n belt revemng motion for uniform 
forward and return speeds and also for a quick return as applied 



HOBTzoNTAi, Planinq KiCHiNE WITH QuiCK Rktcrn Belt 
GiARiNa BT Hesbbs. J. Archdalb & Co., BiBHiHSfiAU. 

to planing machines. The above figure will serve to show the 
manner in which the quick return and glower forward motions 
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are applied to a modem planing machine. Here, the smaller 
fixed and loose pulleys are situated to the extreme left, whilst the 
larger ones are placed alongside of them. The pulleys are 
connected by underneath toothed gearing with the rack of the 
moving table upon which the material to be planed is bolted. 
The under side of this table has two straight, truly planed and 
scraped V-shaped surfaces, which accurately fit corresponding 
V grooves on the upper t^urface of the strong heavy bed plate. 
Two vertical standards, with planed and scraped surfaces on their 
front faces, serve to guide the cross-piece which carries two tool- 
holders. An up and down motion is given to this cross-piece by 
means of the uppermost handle, spindle, two pairs of bevel 
pinions and vertical screws actuating nuts connected to the back 
of it. A horizontal motion is given to the tool-holders by the 
lower right-hand handle and horizontal screws. The tool-holders 
themselves are adjustable up and down by handles and screws as 
shown. They may also be so set as to cut at any angle, or a 
horizontal tool-holder can be fixed upon one or other of the 
upright standards to plane vertical surfaces. All the above- 
mentioned motions may be actuated from either side of the 
machine. 

We shall now illustrate and describe several other forms which 
are frequently used in connection with machinery of different 
kinds. 

Beversing by Friction Cones and Bevel Wheela — In the 

first of the two following figures, the 
two cones B and C are fixed to the 
shaft DD, which can be moved up 
or down so that the cones B or C 
may be alternately brought into con- 

T ll r J ^^^ ^^^^ ^^® other cone A, which is 

I I iJ - fixed to its shaft. Suppose A to be 

II i IllliP^^^ *^® driver ; then, when it is in oon- 
I ™ illl turned in one direction, and when in 

contact with C it will be rotated in 
the opposite way. The spindle or 
shaft DD may, however, be driven 
by a belt or toothed gearing, and con- 
Fbiction Conk Revbbsinq sequently when A is in contact with 
GsAB. B, it will be turned in one direction 

and when in contact with C it will 
be rotated in the opposite way. This device is frequently used 
in co|^nect;ion with governors for engines, in order to lengthen or 
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shorten the rod to the throttle valve or cut-off gear and thus 

enable the governor balls to regain their normal position, without 

altering the quantity of steam being admitted. 

If we require to transmit more force than the friction between 

the cones will effect without 

slipping, then we must substi- 
tute toothed bevel wheels for 

plain cones. In such a case, if 

the speed and stress were con- 
siderable the sudden engagement 

of the wheels on one side or the 

other would be apt to damage 

the teeth; hence, it is usual 

with steam cranes, winches, 

windlasses, screwing gear, &c., 

to have B and free to rotate 

upon their shaft D D, and 
always in gear with A, as shown 

by the second figure. The re- 
versal in this case is effected by 
means of the clutch E, which 
can be slid along a feather on 
the shaft by the lever, so as to 
engage B or C and thus make 
it turn with the shaft. It will 

be easily seen that the direction in which A will rotate depends 
upon whether B or C is locked to the shaft D D. 

Whitworth's Beversing Gear. — Another modification of this 
gear is that made by Sir Joseph Whitworth <& Ob. for planing 
machines. In this case, the reversal is effected by shifting the 
driving belt by the fork B F, from the foi'ward pulley F P to the 
backward one B P. The latter is cast in one piece along with or 
keyed to the boss of the bevel wheel B W„ which runs loose on 
the shaft S ; whilst, the former and also B W, are rigidly con- 
nected to this shaft. A loose pulley L P is placed between the 
forward and backward ones in order to facilitate the shifting of 
the belt from the one to the other and to carry the belt when the 
machine is not at work. The table T upon which is placed the 
casting or other material to be operated upon, has a strong nut 
fixed upon its under side, and is moved along the bed or slide T S 
by the driving screw DS. This screw is keyed to the bevel 
wheel B W3 and is consequently driven in a forward or backward 
direction according as the belt is on FP or BP. In order to 
save the time that would otherwise be wasted if the cutting tool 



Bevel Wheel and Clutoh 
Reversing Geab. 
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was 80 fixed as to cut in one direction only, Sir Joseph Whitwortb 
designed a cylindrical revolving tool-holder, which automatically 
turns the tool half .round at the end of each stroke of the table 
The reversal of the motion of the table is automatically efiected 
by ite pushing the reversing stops R S, (and R S^ not shown in the 
figure) as it nears the end of a stroke. These stops ore fixed in 
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su(^ positions up^n a i-od connected to the reversing levers R L, 
as t« shift the belt fork at the proper time and thus giv» the 
required length of stroke. 

Quick Betum Beversing Uotion. — Another form o{ re- 
versing motion, used for planing machines which only cut one 
way, is made up of a train of spur wheels and a rack R. As in 
the previous case, there are three belt pulleys, each of the outer 
ones being connected to a separate pinion. One of these pinions, 
D P,, drives the rack ou the planing table through a spur wheel 
F, and pinion P fixed on an intermediate shaft ; the other, D P„ 
which is connected with F P, transmits its motion through another 
pair of wheels P, and D,. This will cause the rack and table to 
move in the opposite direction, and as these wheels are made of 
unequal sizes, the motion is also slower than when driving 
through DP,: This slower motion is used for the cutting stroke 
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and the quicker one for the return etroke, The rereraal ia 
effected by shifting the belt from F F to B P, or vice vered, as iq 
the Whitworth gear. 



QviOK Bktubn Rbvebsiho Gbab fob Planino Machines. 

WhitwtMrth's Quiok Hetum Hotion. — In a, shaping or 
dotting machine the table carrying the work is fixed and the tool 
moves over it, cutting in one direction only. In such a case, the 
tool usually obtoins a reciprocating motion from a compound 
orank, so arranged as to give a quicker return stroke in order to 




QinoK Retpbh Hotiok. 



ave time. Looking at the above diagrammatic figure, A and B 
,re two fixed points and C ia a point connected to the tool-holder, 
o guided a& to move along L M at right angles to A B. A crank 
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DBE, centred at B, has its outer end joined to 0, by the 
connecting-rod EC. A second crank A D rotates round A and 
drives the first by having a pin at D which moves in a slot B D. 
Now, when D is at the position G, will be at the extreme left 
of its stroke ; and when D is at F, C will be at the other end of 
its stroke. Hence, if A D rotates xmiformly in the direction of 
the arrows ; C will make its cutting stroke from left to right 
while D is moving round G K F ; but during its return stroke D 
only requires to move round FHG. The return stroke will 
therefore occupy less time than the cutting stroke in the same 
ratio as the arc F H G is less than the arc G K F. 

Sir Joseph Whitworth applied this principle to shaping 
machines in the manner shown by the next figure, which has the 




Cutting Sl^^ka 
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Whitwobth's Quick Return Motion fob Shaping Maohikb8. 

i^ame lettering for corresponding parts as the previous one. 
Here, the crank A D is obtained by putting a pin D on a toothed 
wheel which rotates freely on &Jlaid shaft S, whose centre is at A ; 
and the crank D B E is supported by a pin in a hole bored at B 
in the end of this shaft. In the back of this crank-piece there is 
a slot B D in which D can slide, and in the front another slot B £ 
in which E can be clamped in any position so as to adjust the 
length of B E and thus give the required travel to the tool. The 
large wheel is driven uniformly by a pinion P connected with the 
belt pulley.* 

* Students who desire farther information on machine tools such as 
drilling and milling machines or on measuring appliances should refer to 
Professor Shelley's "Workshop Appliances," Professor Goodeve's **BlementB 
of Mechanism," and Lineham's " Text-book of Mechanical Engineering,'* &c 
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Whitworth'a Slotting Haobine* — The following side 
elevation of f^ir Jot^eph Whitworth & Oo.'s slotting macfaine 
will serve to show how their quick return motion is practically 
applied. The driving stepped cone DC receives its motion 
from a corresponding overhead cone fixed to the workshop 
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shafting. Its motion is in turn commimicaled to the com- 
pound crank EBD (just described and illii>:tmted by the two 
preceding figures) through the toothed t^iivjrs and followers 
D[, F, ; D,, r,; D„ F,. The quick up and bIo / down motion of 
the verticil slide bar V 8, with its tool-holder T H, is obtained 
from the compound oiank through the connecting- roil C E. The 
table T, upon which the metal to be slotted is bolted, may be 
shifted by baud levers or automatically moved to and f i-o, <iroE8- 

* The above figure la reduceil from a lit liogra plied drawing which 
appears tn Mr. I.inehom's book on "Meohanical Eaginecriiig," h> which 
itadeDta may refer tor further views and details. 
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wise and tamed atpleesure, by thfl feed gearing P G, aotttated by 
A ratchet at R. lliia rntchet has & revei'siblo click of tt.e kinil 
iltustmted in the previous lecture and it ia driven by a red from 
the feed cam F 0. The wbole of the 
moving parts are supported by a strong 
heavy bed plate, cast in one piece nitb 
the upright fmiuing so as to prevent 
vibration in the material being oper- 
ated upon or chattering of the cutting 
tool. 

Common Quick Return. — Another 

form of quick return very often used 

for shaping and slatting machines is 

based on the mechanL^m of the oacillat- 

ing steam-engine. A crank A G rotates 

uniformly and imparts motion to a 

slotted arm BF. This arm will have 

its extreme positions at B H and B K. 

It will therefore make its forward and 

back swings while C is moving round 

H D K; and K E H respectively, and 

hence it has the quick return motion 

Couuos Quick Beturn desired for the tool. The tool-holder 

FOR Slottinq Machine, ia connected by a rod to such a point 

in BF aa will give the required travel. 

Horizontal Shaping Maohlne. — The following illustration 

shows a shaping machine with this gear for driving the catting 
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tool. The work is fixed in a vice mounted on a table at the front 
of the machine^ and this table can be moved up and down by a 
rack or screw, and traversed along the bed in either direction^ 
backwards and forwards by ai screw. The tool-holder move«J 
inwards and outwards over this vice and is provided with a 
screw for moving the tool vertically/ and a worm for adjusting 
its inclination. The gear for driving the tool is actuated by a 
sliding pinion on a shaft which lies along the whole length of the 
back of the machin and is driven by a stepped cone pulley* The 
feed of the tool-holder towards the left or rightj, is effected by a 
nut and screw underneath. This screw is worked by a ratchet 
seen to the right, in a similar way to that described for the 
previous machine. 

Quick Return with Elliptic Wheels.— Vertical Slotting 
Machine. — We illustrate another slotting machine which has a 
different method 
of obtaining a 
quick return. In 
this machine, the 
moving bar is ac- 
tuated by a simple 
crank, but this 
crank is driven 
at different speeds 
for the cutting and 
return strokes by 
the following de- 
vice. One portion 
of the circumfer- 
ence of the wheel 
on the trank -piece 
is partof an ellipse 
A C B, and the 
other, B D A, is 
circular. The wheel for driving this has an elliptical part E C P, 
and a complete circle. E H F G. Suppose B and F to be in contact. 
Then, as the lower wheel moves round, the two ellipses keep in 
contact until A and E come together. The two shafts thus 
make about half a revolution in the same time. The circular 
wheels now come into gear, and the lower wheel must make one 
and a half turns while the upper rotates through its second half. 
This will bring B and F again into contact and the whole process 
repeats itself. The quicker motion with the elliptical wheels is 
used for the upward stroke and the slower motion from the 
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ciroalar wheels for the downward or cutting stroke. By looking 
at the side elevation, and at the view of the complete machine, 
it wUl be seen that the circular parts of the wheeb J) B and H (i 



are placed to the left of the elliptical parts, BC and CF; and 
how, at each junction B ind F of tlie two portions, one tooth 
stretches right across both of them so as to give a steady connected 
motion. Also, iiow the j^mooth part A K B of the upper elliptic 
wheel is cut away to clear the point of the other ellipse during 
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those revolutions in which the circles are in gear. From what 
has already been said about the other machines the student will 
easily understand the working of this one. He should, how- 
ever, notice that the moving bar hsis a counterbalance to relieve 
the gearing from the weight of the sliding bar and to reduce 
driving power required for the upstroke and prevent drop on the 
tool. 
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Lbctube XXVI.— Qubstionb. 

1. Illustrate and explain the form of reversing gear jon would employ 
for a steam winch in which the engine shaft always runs one way. 

2. Show a method of applying a self-acting motion for reversing the 
motion of the table of a planing machine when a screw is employed for 
driving it. (S. & A. Exam. ) 

3. Describe, with a sketch and index of parts, some form of quick 
return gearing suitable for a planing machine, the movement being 
obtained by a combination of pulleys and spur wheels. (8. & A. Exam.) 

4. Sketch and describe an arrangement for driving the table of a planing 
machine by means of a screw, so that the table may travel 50 per cent, 
faster in the return than in the forward or cutting stroke. Why is a 
square threaded screw employed in such a machine? (S. & A. Exam. 
1888.) 

5. Sketch and describe an arrangement of mechanism for reversing the 
table in a screw driven planing machine. In what way can a quick return 
of the table be obtained in such a machine 7 (S. & A. Exam. ) 

6. Sketch and describe a good form of slow forward and quick return 
for a shaping machine. (S. & A. Exam.) 

7. Describe, with sketches, a planing, a slotting, or a shaping machine, 
showing clearly how the cutting and feeding motions are effected. 

8. Sketch and describe the mechanism for feed motions: — (i) In a 
machine where there is a reciprocating movement, as in a planing 
machine ; (2) where there is a continuous movement, as in a machine for 
boring cylinders. (S. & A. Exam. 1887.) 

9. Sketch and describe a vertical slotting machine with quick return 
elliptical gear. Give a separate diagram and explauatior. of the eUiptical 
gear. 

10. Sketch and describe the arrangement of mechanism by which the 
tool of a planing machine is traversed across the slide of the machine at 
each stroke of the table. (S. E. B. 1900.) 

11. Describe, with sketches, the mechanism for giving an automatic 
feed to the cutting tool of a lathe or shaping machine, and how it is put 
In or out of action, and the amount of feed varied. (S. E. B. 1902.) 
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Appendix A, 

HeaBUring Tools and Gauges.— A few years ago, a pair ot 

callipers and a foot-vule graduated to ^-iaob, farmed an ont&t for the 
British nuikiug mecbanic. Anything more accurate titan tbli was ez- 
preaaed b; the somewhat elastic tercafiUl or bare I As bu as each 
individual piece of fitting was concerned, the work totned o«t wu pro- 
bably of a good Bound nature, and the same workman wae abla, through 
practice, to make a number of parts to within a fair degree of aecnraoy, 
when we consider the tools which were at his disposal. In this method 
of working, however, discrepancies due to individnaiity occur, and modern 
practice demands the suppression of these es far as possible. Again, 
good manaai labour is not so cheap nowadays as it used to be. The result 
is, that machiQCs, which lessen the cost of production and torn out work 
of a well-finished, accurate, and interchangeable nature, have greatly 
superseded the old rough-and-ready methods when dimensions were 
indicatied by "sooking fits," " hair -breadths," and such lilte terms. 

The introdnclion ot the micrometer no doubt altered things to some 
extent ; bnt this instrument, being of a delicate nature, requires careful 
handling, and that means lo^t time and consequently lost money. The 
micrometer is rather a tool-room instrument for the purpose of checking 
and comparing the various gauges and tools used in the shops. 

Iilmit Qaugea, — It is now found that the quickest and mostaccurate 
method of turning out interchangeable work, is to make nee of some 
system of limit gauges. In reality, a limit gauge consists of two gauges, 
one of which is larger and the other smaller by a minute fraction, than 
the size intended. 'I'bns, if we employ an internal limit gauge of the form 

nAQDln 00'" 



INTBBKAL Limit Oauux. 

shown in the fignre, for measuring a Ig-inoh hole, and, if we find that tha 
right-hand end goes into the hole, but that the left-band end does oot, 
then we know for certain that tbe diameter of the hole cannot possibly 
differ from ig-inch by more than ooiz inch too large, or "0004 inch too 
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The difference limit vaiieE, of conne, with the class of work which it is 
intended to produce. It is qnite evident, therefore, tbat for a machine 
which runs in a dast-laden atmosphere , a mach greater difference limit 
will be required in the bearings, than for another similar macbiae which in 
designed to work in a cotnparativet; clean atmosphere. 

Bat, no matter how tight or how sUck the working fits ma; be, it will 
be tonod, that work constructed on some system of limit gauges will have 
a macb greater allrouad efficiency than that toade in the old haphazard 
trial aqd error fashion. 



 ' n External Lihit Gauge. 

The second diagram is an illastratiou of an External Limit Gauge for 
a 2}-iDch spindle or abaft. One end must " go on " and the other mnet 
"not go on." The actnal sizes of the jaws are marked on each iDBtrnmebt, 
and from these it will be seen that the maximum difference between tbe 
"largest poasible " and the "smallest possible" size of shaft ia '0014 
mintu 'oiy>S, or '0006 inch. This in 2} inches is equivalent to an error of 
•0166 per o^t, which is certainly Ter; smaU. 



Btahdabd Intebnai. and Bstbenal Ciundeical Qavqbb. 



APPENDIX A. 3 

Ths third flgnre shows a Standard iDteraal and Bsteraal Qflindrical 
Gauge. This type oC gange is chieflj aaed as a standard of lefere&oe. 
It is hardened, groand, Tapped bj hand, and is accurate to within -ooor 

The Uiorometer Sorev G-auge.— This insttament is very nsef ul 
for msasnring diameters or thicknesses to within -ooi incli. On taming 
the milled cap shown at the right-hand side of the iUastration, the 
operator turns the screw of 40 
threads to the inch, which also 
may be seen from the flgnre. It 
is clearly evidenc, that if one 
complete tnm be given to the 
milled cap, the screw will advance 
or recede i^inch. Therefore, if 
the edge of the sleeve (which 
forms part of the cap) be divided 
into 25 equal parts along its 
drcnmfereace, and the cap be 
rotated by a part of a revelation 
corresponding to one of these 
divisions, the screw wiU have 
advanced by ^ of A inch, i.e., 
,A,,or-ociinch. 
ta that micrometer screw ganges 




HiCBOUBTBB SCRBW Gauob. 

Fob ubasubihq all sizbs lbbs th^ 

0'3 INCH BY Thodbandthb 

OF an inch. 



STARHXTT MlCBOMBTBB Gadgb, 



are made of various ranges and styles. If a mere portable gauge is 
required to suit difierent sizes, then one of the best forms is that made by 
the Starrett Co., U.S.A. In which the position of the movable end la 
determined by inserting a hardened steel tapered pin Into hardened 
sted bushed holes. For flied measuring machines of great acouracy the 
Whitworth MQlionth Measuring Machine is still considered the standard 
In this conntry- 
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Whitwobth Millionth UEABUuraa Machine. 

Noi£ I am indebted to Ludw. Loewe and Co., Ltd.. 30 Farringdon 

Boad, LoDdou, for tbe dm of their Electros of " Limit Gauges," and to 
the Louia Cassiei Co., Limited, for the liberty to lepioduce the Micro- 
meter Oangea and the Whitwortb meaaaring machine which appeared in 
Cattitr'i Magazine, September 1901. 

The attention of Stadeuts is drawn to Qaeations 12 and 13 of 
Afpsndiz B. 

Improved EquiTOlenta Micrometer Qauge.— This new instni- 

meot has certain advantages over tbe ordinaij screw Micrometers. B7 
means of the screw on tbe hnb and the two divided discs, readings can be 
taken np to '300 inch with the varioDs equivalents ; or meaamements may 
be made in the same way as with the older stjle of gangs for all measure- 
ments less than one inch hj tiiW "^ ^^ inch between the jaws. 

On one side of the diic appear decimals of an inch, decimals of tuUli- 
metre standard wire gaage and Stabs' ronnd hole wire gauge. On the 
other aide, fractions of an inch by ^ inch, and screwing sizes for B. A. 
threads. 

EqQivaleDts to other gauges, sqch as the "British Btandard Wire 
Gauge," " Stubs' ronnd hole wire gange," and fractions of on inch on the 
metric standard, can be read oS withont the necessit; of reference tables ; 
whilst at the same time, the jaws are set to give an exact size in decimals 
of an inch. It will thus be seen, that by taming the disc nntil any 
decimal or other number appears, several equivalents can be read 
simoltaneonaly, which will be especially convenient for tel^raph and 
electrical engineers. 

Tbe worm is cut on the hub, and is of snoh form that it will not carry 
grit or dirt. A new device for tbe compensation due to wear has been 
introdaced, which dispenses with the necessity of taking ont the screw 
and disengaging the norm. 

Tbe whole ofthe Micrometer part is of steel, while the revolving disc is 
of phosphor bronze, and only the smallest portion engages with the screw 
outside the cover. 

The hub is fitted with a small milled thnmb-piece, projecting beyond 
the ordinary hab, by means of which the speed of turning the screw 
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may be increased. The sutU end of the MiciometeT ia flush with the 
screw epindle, thus allawing of the cloae caliperiog of projeotioas or 
ledges. 

Note. — I am indebted for the figure and description of this improved 
gange to tbe pateatees and makers, Atessrs. Grimshaw and Baxter, of 
29 GoBwell Road, London. 
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Appendix A, 
LIST OF ERRATA AND ADDENDA 

('* Elementary Applied Mechanics, 5th Edition.^') 

Note. — Whilst several Students were going through this Edition most care- 
fully with me under my " Science Correspondence System" we fowod the 
following misprints, <kc, I shall certavnly fed very much obliged to all 
Tea>chers and Students who use this hook if they tmU kindly ^verify amd insert 
these notes into their copies^ as well as send me worked out answers to the 
attached 1903 Board of Education Examination paper, so that verified answers 
may he included in the next Edition. 

LECTURE PAOB 

II. 19. The last part of the Answer to Question 26 should be 
960,000 ft. -lbs. 

20. Question 25. Answers should be 247,030 ft. -lbs; 112,700 
ft.-lbs. ; 134,330 ft.-lbs. 

Answers to Questions 23 and 25 could be more readily found 
after reading Lecture XXI. 

III. 26. At the centre of this page. Equation F x AB = Q x CD. 

Also, at the commencement of the footnote F ~ 8 IbF. 
should be P = 8 lbs. 

XI. 128. Answer to Question i is 180,642 ft.-lbs. instead of 180,550 
ft.-lbs. 

129. Answers to Question 16 are 2513 ft. per min., and 2625 lbs. 

XII. 137. Answer to Question 8 should be 49 lbs, 

138. Answer to Question 10 is diameter of pitch circle = 19 inches. 

XVII. 197. Latter part of Answer to Question 12 should be 2500 lbs. 

XVIII. 208. The Answers to Question 10 are 35*13 ft. and 34*24 ft. 

respectively. 

209. Answers to Question 14 are Pressure on bottom of tank =5 
9000 lbs. ; Pressure on each side = 8381 *8 lbs. 

Answers to Question 15 are Pressure on side of tank 3991 
lbs., and depth of centre of pressure is 6*2 feet. 

Answer to Question 16 is 31,250 lbs. 

XIX. 221. Answer to Question 12 is 166*6 Ibp. 

XX. 239. First part of Answer to Question 19 is 3*2 Horse-Power, 

XXI. 254. The second answer given to Question 18 should be 
7537 ft.-lbs., instead of 35306 It-lbs. 
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lECTURB PACK 

XXII. 266. Answer to Question 14 is .75 sq. inch. 

Answers to Question 15 are 8o34'8 lbs., and 18,261 lbs. 
per sq. inch. 

In answer to Question 17 E is stated as being equal to 
26,310,424 lbs. per sq. inch, whereas it should be E = 
26,326,615 lbs. per sq. inch. 

Answers to Question 18 are respectively 3600 lbs. per 
sq. inch ; '000125 ; E = 28,800,000 lbs. per sq. inch. 

XXIII. 279. *• The wroaght-iron rod " given in Question i is f inch 

in diameter, and the answer to this question is loj 
tons. 

280. Answer to Question 14 is 19*5 lbs. 

Question 16 should have been placed under Lecture 
XXIV. 

XXV. 306. In Question 23 "rachet wheel" should be "ratchet 

wheel." 

Appendix C. 328. Answers to Question 4 should be 85 and 113. 

Appendix C. 329. Second part of Answer to Question 11 is 7537 ft. -lbs. 

instead of 353*06 ft.-lbs. 
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Appendix B. 

The following MiSOBLLANEOUS QUESTIONS have not been put at the end$ o/ 
the Lbctubes. a reference for toUUion is added to eaeh question in 
italics, 

1. A rectangular area has sides i8 inches (horizontal) and 22 inches 
(vertical) ; the uppermost edge is 5 feet vertioallj below the surface of 
still water ; what is the total pressure on the area ? If the water is at 
rest only at the surface, is the pressure greater or less than before f 
(S. E. B. 1900.) Ans, 1017 lbs. (See Lecture XVIL) 

2. On what does a buttress or similar masonry structure depend for 
stability against the action of horizontal forces 7 

A vertical wall is 8 feet high and 18 inches thick, and weighs 120 lbs. 
per cubic foot, what is the greatest uniform wind pressure (in pounds per 
square foot) which this wall will withstand without the line of resistance 
falling outside the face remote from the wind 7 (S. E, B. 1902.) Ans. 3375. 
(See Ranklne*s Civil Engineering and Jamieson's Text Book on AJpplied 
Meoha/nicSf Vol. II., both published by Ghas. Griffin & Co., Ltd.) 

3. What are the functions of the top and bottom booms, and of the 
diagonal pieces of a railway girder ? Why are the booms usually larger 
in section towards the middle of the girder, and the diagonal pieces larger 
towards the ends of the girder 7 (S. E. B. 1902.) ( See Bridge Construction, 
by Prof. Fidler, and Text Booh on Applied Mechanics, Vol. II., by Prof. 
Jamieson.) 

4. How is cement made 7 What is your notion of what occurs when it 
sets and graduallv hardens 7 What is the effect of the addition of sand 7 
(S. E.B. 1900.) (See CivU Engineering , by Prof. Rankine ; Road Making, 
Thos. Aitken ; and Nystrom's Pocket Book of Engineering, aU by Chas. 
Griffin ft Co., Ltd.) 

5. Describe the manufacture of any kind of steel ; describe its chemical 
composition and physical properties. (S. E. B. 1901.^ (See Elementary 
MetaHurgy, by Professor Sexton, F.I.C., kc, ; Chas. Gnffin ft Co., Ltd.) 

6. Describe very briefly the composition, properties, and uses of mild 
steel, gun-metal, and any other useful alloy. (S. E. B. 1900.) (See 
J^&nentary Metallurgy, by Professor Sexton, F.I.C., ftc. ; Chas. Griffin ft 
Co., Ltd.) 

7. A wire of Siemens' steel, 0*1 inch diameter is to be twisted till it 
breaks. Sketch the arrangement and show how the angle of twist and 
the twisting moment are measured, how the results may be plotted on 
squared paper, and the sort of results that may be expected. In what 
way may a wire of twice this diameter be expected to behave 7 (S. E. B. 
1901.) (See Professor Perry's Applied Mechanics.) 

8. A horizontal pipe of 12 inches diameter gradually becomes of .3 
inches diameter and then becomes of 12 inches diameter again. There Is 
a flow of water of 5 cubic feet per second. Neglecting friction, calculate 
and state how the pressiire alters along^ the taaa of the pipe. (S. S. B, 
1901.) Ans. Fan in pressure at 3^ part bdow that at I2r Dttrt=r69r6 Ifas^ 
per sq. inch approx. (See Jamieson's Text Book of Applied Meehames 
Vol. II.) 
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9. The radial velocity of water in a centrifngal pump wheel is 2 feet 
per second ; the vane makes an angle of 35** with the outer circumference ; 
what is the velocity of the water relatively to the wheel? The candidate 
may use a graphical method of solution if he pleases. (S. E. B. 1900.) 
-^^f'SH^ ^t. per sec. (See Jamieson's Text Book of Applied Mechanics, 
V61. 11.) 

Note. — Stvdents interested in Queitiont 10 fo 13 may refer to Professor 
0,P, B, Shelley* s " Workshop Applianees,** 

: lb. Show by sketches the construction of a hand-plane for planing 
Wood. Be particular as to the angle of the "plane iron." What is the 
106 of the "top iron" ? (8. E. B. 1901.) 

* li. Describe with sketches some one form of milling cutter known to 
ypji.;, give, the angles of its teeth approximately, and its speed for a 
particular kind of cut. How is it ground 7 (S. E. B. 1900.) 

.12; 'Describe any micrometer screw gauge with which you are acquainted, 
stable for measuring to the rvVrr^^ of an inch. Sketch and describe 
CftrefuUy the method of graduation, and the position of the gauge when 
set to measure '374 inch. (S. and A. 1899.) ^ee Appendix A. 

13. Sketch and describe the construction and use of external and 
internal workshop gaugres, by means of which the size of a spindle (say 
2 inehes diameter), and that of a hole into which it fits, may be ensured 
within specified limits of accuracy. State any advantages due to this 
system of working, (S. E. B. 1902.) See Appendix A. 
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Appendix C. 
1902 May Examination on SubjetQt.yxi, 

APPLIED MECHANICS. 

BY THE BOARD OF EDUCATION, SBCONDABY BRANCH. 
SOUTH KENSINGTON, LONDON, ' ' 

i 

r . '■ I 

General Instructions. 

' •  •  • • >- 

If the rules are not attended to, the paper will be cano'eAled. 

ImmedicUdy before the Examination commenoei, the f (Mowing 
REGULATIONS are TO BE READ TO THE CANDIDATES. 

Before commencing your work, you are required to fill up the numbered 
slip which is attached to the blank examination paper. / '  

Tou may not have with you any books, notes, or scribbling paper. 

You are not allowed to write or make any marks upon your paper of 
questions, or to take it away before the close of the examination. 

Yon must not, under any circumstances whatever, speak to or com- 
municate with one another, and no explanation of the subject of examina- 
tion may be asked or given. 

You must remain seated until your papers have beei) collected, and then 
quietly leave the examination room. None of you will be permitted to 
leave before the expiration of one hour from the commencement Of tl^e 
examination, and no one can be re-admitted after haying o|ice left the 
room. 

Your papers, unless previously given up, will be collected at ten o'clock. 

If any of you break any of these rules, or use any unfair, means, you 
will be expelled, and your paper cancelled. 



Before commencing your work, you must carefully read, 

the following instructions : 

< 

You Dpay only answer six questions, two of which must be Nos. J and 2, 
Put the number of the question before your answer, , . . / x r .- 

You are to confine your answers 8^ric% to the questions propose^,. 
Such details of your calculations should be given as wilt' sht)w the 

methods employed in obtaining arithmetical results. . . ' 

The value attached to each question is dhown in brackets after the 

qnestion. ■,...''. 

A table of logarit>hms and functions of angles and useful constant^ atid 

formulae is supplied to each Candidate. {See the Appendix D to this Book,). 

The examination in this subject lasts for three hours. 
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1802 Elementary Applied Mechanics. 



1. Describe, with sketches, only one of the followiog : 

(a) The mechanism for giving an antomatic feed to the cnttiDg tool 
of a lathe or shaping machine, and how it is pat in or oat of 
action, and the amount of feed varied. ( 1 5- ) 

{h) The constmction and ose of external and internal workshop 
gauges, by means of which the size of a spindle (say 2 inches 
diameter), and that of a hole into which it fits, may be ensnred 
within specified limits of accoracy. State any advantages dne 
to this system of working. ( 1 7- ) 

(e) Any tool nsed by riveters and worked by water pressure. (17.) 

2. Answer only one of the following : 

(a) Describe a laboratory experiment by which yon conld find B^ 
Yonng's modulus of elasticity, for an iron wire 10 feet long and 
ao5 inch diameter. How would you secure the upper end of 
the wire? How apply the load? And how measure the 
elongation ? How would you plot your results and how deduce 
the^ueof^/ (17.) 

{b) Sketch an apparatus for determining the co-eflScient of sliding 
friction between two planed surfaces of oak. 

If you have made this or a similar experiment, describe the 
behaviour of the sliding piece, and any troubles you may have 
had. State how you would conduct the experiment so as to 
establish the principal facts concerning such friction. (17.) 

3* A car is drawn by a pull of P lb., varying in the following way, t 
being seconds from the time of starting : 



p 


• 1020 


980 


882 


720 


702 


650 


713 


722 805 


t 





1 
2 . 5 


8 


10 


13 


16 


19 22 



The retarding force of friction is constant and equal to 4.10 lb. Plot 
P^4io, and the time f, and find the time average of this excess force. 
What does this represent when it is multiplied by 22 seconds? Ans. 
366 lbs. (17.) 

4. In a lifting machine an effort of 26*6 lb. just raised a load of 
2260 lb. ; what is the mechanical advantage 7 If the efficiency is 0*755, 
what is the velocity ratio 7 An$, 8*5 ; 11*2. (15.) 

5. A fly-wheel of a shearing machine has 150,000 foot-pounds of kinetic 
energy stored in it when its speed is 250 revolutions per minute ; what 
eneigy does it part with during a reduction of speed to 200 revolutions per 
minute? 

If 82 per cent, of this energy given out is imparted to the shears during 
a stroke of 2 inches, what is the average force due to this on the blade of 
the ^ears? Ans. 54,000 ft. -lbs.; 265,680 lbs. (16.) 
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6. Sappose that a shaft of i inch diameter maj be safelj subjected to a 
torque of 2000 lb. inches ; what torqne will a 2}-inoh shaft safelj resist ? 

Calculate the horse-power which maj be safelj transmitted bj the 
latter shaft if its speed is 150 revelations per minute ? Ant, 22,700 pound- 
inches ; 54 h. -p. (15.) 

7. In a timber beam of rectangular cross section, supported at the ends 
and loaded at the centre, how would the magnitude of the breaking load 
be affected in each of the following csfees ? 

(a) If the length were doubled ; 

(b) If the breadth were doubled ; 

(c) If the depth were doubled ; 

{d) If the length, breadth, and depth were all doubled. 

A beam 5 feet long, 2} inches broad, and 4 inches deep, supported at the 
ends, breaks with a load of 3500 lbs. at the centre. What uniformly 
distributed load would probably just break it if its length were 6 feet, 
breadth 3 inches, and depth 5 ihches? Am. 10,937 lbs. (16.) 

8. The pressure of water in a hydraulic company's main is 750 lb. per 
square inch, and the average flow is 25 cubic feet per minute. What 
horse-power does this represent 7 If the charge for the water is twopence 
per 100 gallons, what is the cost per horse-power hour? Atis, 81*8 ; 2 '3d. 

(16.) 

9. On what does a buttress or similar masonry structure depend for 
stability against the action of horizontal forces 7 

A vertical wall is 8 feet high and 18 inches thick, and weighs 120 lbs. 
per cubic foot, what is the greatest uniform wind pressure (in pounds per 
square foot) which this wall will withstand without the line of resistance 
falling outside the face remote from the wind f Ana. 3375. (17.) 

la What are the functions of the top and bottom booms, and of the 
diagonal pieces of a railway girder ? Why are the booms usually larger in 
section towards the middle of the girder, and the diagonal pieces kirger 
towards the ends of the girder ? (15.) 

II. A bullet of 0*1 lb., with a speed of 2200 feet per second, is fired into 
the middle of a block of wood of 30 lbs., which is at rest but free to move; 
find the speed of the block and bullet afterwards. What is the loss of 
kinetic energy in foot-pounds 7 Ans. 7*3 ft. per sec. ; 353*06 ft. lbs. (16.) 
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Appendix C. 

BOARD OF EDUCATION. 

1903 Elementary Applied Mechanics. 

1. Describe, with sketches, only one of the following (a), (6) or (c) : — 

(a.) The mechanism of a drilling machine, how the power is trans- 
mitted to the drill, and how feed is given to it. (13.) 

(6.) The mechanism of a machine for grinding cjlindrioal surfaces to 
a tmly circular form. (13.) 

(c. ) Any pneumatic hand tool. (13.) 

2. Answer only one of the following (a) or (6) : — 

(a.) Describe an experiment by which you could determine F, 
Young's modulus of elasticity, by stretching an iron wire. 

(13O 
(&.) Describe an experiment to measure how the kinetic ener^ of a 

flywheel depends upon its speed. (13.) 

3. In a crane an effort of 122 lb. just raises a load of 3265 lb. What is 
the mechanical advantage ? If the efficiency be 60 per cent., what is the 
velocity ratio ? (11.) 

4. Atramcar, weighing 15 tons, suddenly had the electric current cut 
off. At that instant its velocity was 16 miles per hour. Reckoniog time 
from that instant, the following velocities, F, and times, t, were 
noted : — 

V, — Miles per hour - 16 14 12 10 
t. — Seconds - - o 9*3 21 35 

Calculate the average value of the retarding force and find the 
average value of the velocity from t = oto t = SS* (^SO 

5. A projectile has kinetic energy = 1,670,000 foot-pounds at a 
velocity of 3000 feet per second. Later on its velocity is only 2000 feet 
per second, how much kinetic energy has it lost ? What is the cause of 
this loss of energy ? (12.) 

6. A beam of circular cross-section, 2 inches in diameter and 4 feet 
long between the supports, will stand without danger a load of 500 lb. 
applied at the middle. How much would a beam 3 inches diameter of the 
same material and 6 feet long between supports take if also loaded at the 
centre 7 How much if uniformly loaded 7 (13.) 

7. If a shaft 4 inches in diameter will safely withstand a torque of 
120,000 lb. -inches, what torque would a 9-inch shaft take 7 What H. P. 
would the former transmit at 200 revolutions per minute, and what would 
the latter transmit at 50 revolutions per minute 7 . (12.) 
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8. A man weighing 160 lb. is in a lift which .starts to descend with an 
acceleration of 2 feet per second per second. What force is exerted bj 
the man upon the floor of the lift ? What would the force be if the lift 
were descending at a uniform speed 7 (11.) 

9. A chain weighing 800 lb. is hung from its two ends, which are 
inclined to the horizontal at 40° and 60° respectively. What are the 
forces in the chain at the points of suspension ? (ii*) 

10. What are the functions of the top and bottom booms and of the 
diagonal pieces of a railway girder 7 Why are the booms usually larger 
in section towards the middle of the girder and the diagonal pieces 
larger towards the ends of the girder ? (12.) 

11. In a gun, of which the internal diameter is 6 inches, a projectile 
weighing 100 lb. has imparted to it in a distance of 12 feet a velocity of 
2500 feet per second. Find the average pressure of the gases on the 
base of the projectile up to the time" it leaves the gun. (Neglect friction 
and the energy of rotation of the projectile.) (12.) 

12. Water at a pressure of 700 lb. per square inch is supplied to a 
hydraulic crane, and 11 cubic feet are used in lifting 15 tons through a 
height of 18 feet. How much energy has been given to the crane ? How 
much energy has been wasted 7 (12.) 

13. A weight of 120 lb. falls to the ground from a height of 18 feet and 
just rebounds. If the time of contact between weight and ground be 
0*048 second, what is the average force which the floor exerts upon the 
weight during that time ? (12.) 
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Appendix C. 

f 

CITY AND GUILDS OF LONDON INSTITUTE. 

1903 Technological Examinations. 

Ordinaby Grade.— Part I.* 

(First Year's Course.) 
Monday^ April 27th, 7 to 10. 

Instructions. 

The maximum number of marks obtainable is affixed to each question. 

The number of the question must be placed before the answer in the 
worked paper. 

Three hours alibiffed for this paper. 

The Candidate is at liberty to use divided scales, compasses, set squares^ 
calculators and slide rules. 

Five marks extra will be awarded for every answer worked out with the 
slide rule, provided the method of working is explained. 

Candidates may take Parts I. and II. both in the same year. No 
Certificates are granted on the results of Part I. only. 

To obtain a Certificate, Candidates are required to pass in Part I. and 
Part II. The Eosamination in Part II, will be held on Wednesday, April 2% 
at 7 p.m,, and the class of Certificate and the order of prizes will be 
determined by the results of the Examination in Part II. only. 

The Candidate is not expected to answer more than nine questions, 
which must be selected from tivo Sections only. 

Section A.* 

I. On the headstock spindle of a lathe is keyed a speed cone, the 
greatest and least diameters of which are 10 ins. and 5J ins. respectively. 
It is driven from a similar speed cone keyed to a countershaft which makes 
350 turns a minute. The back gearing is of the usual type, the spur-wheels 
concentric with the headstock spindle having 62 and 30 teeth, gearing with 
wheels having 18 and 50 teeth respectively on the back spindle. Sketch 
and describe the arrangement, and find the greatest and least speeds at 
which the headstock spindle can run. (35 marks.) 

* Every one of these questions in Sections A. and B. can be well 
answerel from my "Manual of Applied Mechanics." — ^A. J, 1903. 
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2. Describe, with sketches, two qaick return motions for driving the 
table of a planing-machine — one in which the quick return is obtained by 
belting, and the other in which it is obtained by ordinary gearing. (35.) 

3. In a Weston pulley block, the diameters of the two pulleys are 8 ins. 
and 7i ins. respectively, and it is found that a pull of 25 lb. is sufficient 
to raise a weight of 240 lb. Find the efficiency of the tackle. (40.) 

4. Sketch any one form of toggle joint with which you are acquainted, 
and point out its object. (30.) 

5. The mechanism of the ordinary direct-acting engine is used as a quick 
return motion for a small shaping machine by simply placing the crank 
shaft centre below the line of stroke, instead of in the line of stroke pro- 
duced. The crank radius is if ins., the connecting rod is 7 ins. long, and 
the centre of the crank shaft is 3^ ins. below the line of stroke. Find, 
graphically, the stroke and the time ratio of the return and cutting 
strokes — the crank shaft being supposed to rotate uniformly. (35. ) 

6. Distinguish between forces work a/nd rate of work. Find the pull on 
the draw bar exerted by a locomotive which develops 600 horse-power 
when travelling at 60 miles an hour — the mechanical efficiency of the 
locomotive being taken as 60 per cent. (35.) 

7. Upon what does the limiting difference of tensions in the tight and 
slack sides of a belt, when moving depend ? If the working stress in a 
belt of sectional area a square inches be / pounds per square inch, and the 
ratio of the tensions in the tight and slack sides be m, find the horse-power 
that can be safely transmitted when the speed of the belt is v feet per 
second. (30.) ^ 

Section B. 

2. Sketch a knuckle joint, and point out the different ways in which it 
might give way. (30.) 

4. In a 10- ton crane the jib is 35 ft. long, the tie 30 ft. long, and the 
crane post 15 ft. high. Neglecting the effect of the tension in the chain, 
obtain the longitudinal forces in the tie and jib. (30.) 

^. A cantilever, 4 ft. long, carries a uniform load of 5 cwt. per foot run, 
and a load of i ton at its extremity. Sketch the curves of shearing force 
and bending momeni^ and find their values at 2 and 4 ft. from the free end 
of the cantilever. (35. ) 

6. A beam, of rectangular section, is 9 ins. deep, 3 ins. broad, and 10 ft. 
long. Find how much it will carry when loaded at the centre and sup- 
ported at each end, the greatest intensity of stress allowed being 3 tons. 
What stress would be induced if the beam were laid flatwise and carried 
the same load ? (40.) 

7. Compare the strengths and weights of a solid vnrought-iron shaft and 
a hollow steel shaft of the same external diameter — assuming the internal 
diameter of the hollow shaft half the external, the working stress of steel 
i^ times that of iron, and the densities of wrought-iron and steel to be the 
same. (35.) (See Vol. J II. of my " Applied Mechanics on Hollow 
Shafts."— A. J.) 
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Appendix D. 
EXAMINATION TABLES. 

USEFUL CONSTANTS. 

1 Inch ss 25*4 millimetres. 

1 Gallon = aeOS cnbic foot = 10 Ibe. of water at 62* F. 

1 Knot = 6080 feet per hour. 

Weight of 1 lb. in London = 445,000 dyneg. 

One pound avoirdnpois = 7000 grains = 453*6 grammes. 

1 Cubic foot of water weighs 62-3 lbs. at 65' F, 

1 Cubic foot of air at 0** C. and 1 atmosphere, weighs *0d07 lb. 

1 Cubic foot of Hydrogen at 0* C. and 1 atmosphere, weighs '00557 lb. 

1 Foot-pound =s 1*3562 x 10' ergs. 

1 Horse-power-hour = 33000 x 60 foot-pounds. 

1 Electrical unit ss 1000 watt-hours. 

Jonle'8 Equivalent to snit Begnaulf 8 H. i» (,^* l*;;}^; Z J ^^tj^^ 

1 Horse-power = 33000 foot-pounds per minute = 746 watts. 

Volts X amperes s watts. 

1 Atmosphere = 14*7 lb. per square inch = 2116 lbs. per square foot 4 
760 ni.m. of mercury = 10* dynes per sq. cm. nearly. 

A Column of water 2*3 feet high corresponds to a pressure of 1 lb. per 
square inch. 

Absolute temp., t = d" 0. + 273*'-7. 

Regnault*8 H = 606-5 + '305 6° O = 1082 + '305 6' F. 

BO 
log loP = 6-1007 - 7 - "^ 

where log ,oB = 3-1812, log „C = 6*0871, 

p is in pounds per square inch, t is absolute temperature CentigradQ| 
u is the volume in cubic feet per pound of steam. 

jT = 3-1416. 

One radian = 57-3 degrees. 

To convert common into Napierian logarithms, multiply by 2 '3026 

The base of the Napierian logarithms is e = 2 '7 18'^. 

The v^ue of ^ at Juondon » 32 182 feet per bee. per seo. 
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AOOBLBSATIOH, definition of, 241 
„ due to gravity, 241 

„ nnit of, 241 

Aoonmnlated work, 246 

„ work in a flj-wheel, 

247 
M work in a rotating 

body, 247 

Accumalator, hydranllo, 235-237 

Action and reaction, 3 

„ of the common suction- 

pomp, 211-213 

Activity, definition of^ 12 

Actual or working advantaffe, 67 

Air vessel, action of an, 216 

„ „ force pnmp with, 215 

Angle of repose, 106 ; resistance, 107 

Angular velocity, 241 

Anti-friction wheels, 109 

Anti-loffarithms-Hsee Appoidix 

Applied Mechanics, definition of, I 

Archimedes, law of, 201-203 

Atmospheric pressure, 204 

Axis, definition of neutral, 282 

Axle, wheel and, 55-57 

compound, 72-74 



ff 
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B 



Bacelash in wheel and screw- 
gearings, 158 
Back-motion gear in a lathe, 174-185 
Balance, Roman, 35 

„ bent lever, 43 
Balancing fast speed machinery, 

245 . 
Bales, screw for pressing, 165 

Ballbearings, no, 183 

Barometer, the mercurial, 205 

Beams, bending stresses in, 282 

« cast-iron, wrouffht-iron, and 

fteel, and girders, 287-289 



Beams, formubi f6r iMtuigular, 
loaded and supported In 
different ways, 284 

M pressure on and reactions 
from the supports of, 273- 
27s 

M relative strength of rectan- 
ffular. supported and 
loaded in oifferent ways, 

M lections of cast - iron, 
i^ought-iron, and steel, 
287 
M strength of rectangular, 283 
„ transverse stress and bend- 
ing moments of, 275-278 
Bear, hydraulic, or portable punch- 

inff machine, 233 
Bearings, ball, no, 185 
Bed or shears of a lathe, 183, 187 
Bell crank lever, 43 
Belt-gearing reversing motions, 122* 

124 
M M shape of pulley faces 

for, 127 
,1 ,, velocity ratio of pul- 
leys in, 119-121 
Belts, brake horse-power transmit* 
ted by, 118 
M difference of tension in, 116 
open and crossed, 121 
tendency of, to run on high- 
est paorto of pulleys, 127 
Bench vice, screw, i6iS-i67 
Bending memento of beams, 27J- 
278 ; of cantilevers, 281 
„ stresses in beams and 
cantilevers, 283 
Bent lever balance, 43 
„ levers, 42 
„ „ duplex, 43 
Bevel wheel and dutch jwrmiBf 
gear, 309 
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Block and tackle, 65-68 

„ snatch, 65 
Block, Weston's differential pnllej, 

74-77 
Boiler plates, large hydranlic press 

for flanging, 227-229 
Bolt, holding down, 156 
Bottle screw-jack, 162-164 
Brake horse-power transmitted bj 

belts, 118 
Bramah's hydraulic press, 223-227 

„ leather collar packing, 225 
^ndlretr ^omp; combined plunger 

and, 218 
Buttress screw thread, 155 



Cams, 294-298 
Qantilever, definition of, 281 
Cantilevers, bending moments of, 
'281 

Capstan, ships, 57-59 
Carpenter's lurkus, 44 '- -. 

Cast-iron beams and girders, 287 
„ „ „ sections for, 287 
Centre of gravity, 28 

„ „ parallel forces, 26 
,j ,, pressure, 201 
Centrifugal force, 243 

„ stress in liy-wheels, 245 

Centripetal force, 243 
Chain^s, sttesses in, 268 
Change wheels in a lathe, 176-179, 

183, 184, 187 
„ , „ reversing plate or 

 - quadfant,<t\i83, 187 

Chinese windlass, 72 
circle, definition, of pitch, 131 
Circular discs, velocity ratio of, 130 
Clarke's patent adjustable curve, 

16, 17 
Cfici,' reversible, 299 
Cp-efficienfc of friction, 105, ni - 
Cohesion of matter, 256 
Combined lever, screw, and pulley 
gear, 160 
f y' ,; plunger and bucket 
? ^ linmp, 218 

Conipari^on of loads and sizes of 

beatds^, 285 
Components and resultant of forces, 
^4 . " 
J. , ol a force at right angles 
 '■ ^ to each other, 84 • 



Composition and resolution of forobs, 

82-84 ) velocities, 241 
Compound, Weems*, screw and 

hydraulic jack, 231-233 
Compound wheel and axle, 72-74 
Compressibility of matter, 256 
Compressive stress and strain, 259 
Cones; stepped speed, 124 
Constants — see Appendix 
Couple, definition of, 25 
Coupling, joint, Hooke's, 293 

M screw, for carriages, 156 
Crab, double purchase, 143, 144 
„ ^ single purchase, 140-142 
Cranes, stresses in various niembers 

of, 85-89 
Crank, beJl, lever, 43 
Cylinder, forming a screw thread 

OB a, 149 



D 



Dbaix load, definition of, 258 
Density of matter, 256 
Differential pulley blocks, Weston's, 

74-77 
Dilatibility of matter, 256 

Discs, velocity ratio of friction cir- 
cular, 130 
Divisibility of matter, 255 
£]^uble acting force pump, 218 

„ Hooke's joint* 293 

„ purchase winch or crab, 143, 

144 
" „ • threaded screws, 157 

Driving belt, difference of tension 

in a, ri6 

DuctiHty, definition of, 257 

Duplex bent levers, 43 



E 



BFFiGiBNOt, apparatus for deter- 
mining, of screw 
gear, 160 
of combined lever, 
screw, and pulley 
gear, 160 
„ a machine, defini- 
tion of, 53 
„ screws, 151 
Elasticity, definition of, 258 
limits of, 261 
modulus of, 262-264 
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Elasticity, safe loads and, 260 

«, table of modnli of, 263 

Elliptic wheels for qaick return, 

315-317 
Endless screw and worm-wheel, 168 
Energy, kinetic and potential, 246 
Eqailibrant of parallel forces, 25 
Equilibrium, conditions of, in case 
of floating bodies, 

202 

„ , forces in, 3 
„ graphic demonstration 

of three forces in, 80 
of three equal forces,83 
Extension. of matter, 255 



F 



Factobs of safety, 260 

Falling bodies, formula for, 242 

Feed, silent, 300-302 

Floating bodies, conditions of equi- 
librium, 202 

Fluids, immersion of solids in, 201 

Fly-press, the, 249 

Fly-wheels, centrifugal stress in, 245 
„ „ energy stored np in, 247 

Force, definition of, i 
„ elements of a, 2 
„ moment of a, 21 
„ pump, single acting, 213-215 
„ pump, double-acting, 218 
„ pump with air vessel,, 215 
„ resolution of a, into two com- 
ponents at right angles, 84 
„ unit of, 2 

l?'orces, centrifugal and centripetal, 

243 
in equilibrium, 3 

parallel, 25-28 

parallelogram of, 82 

resultant of, 4 

str^ht lev^r acted on by 

inclined, 42 

three equal, in equilibrium, 

triangle of, 82 
two, at right angles, 83 
Friction, angle of, .106 . 

anti-, wheels, 109 
circular discs, velocity 

ratio of, 130 
co-efScient of, 105, iii 
„ deflnition of, loi 
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Friction, heat developed l^t ^^3 ■■-. 
„ inclined plane with, iio- 

112 . 
„ , inclined plane without, 93 
„ laws of, 103-109 - ', 
„ cone reversing gear, 308" 

Fulcrum, poJsition; of , m a lever, 30 
„ pressure on^^ and reaction' 
from, 25 J , 

Fusee, the, 59-61 

Fusibility, dfefinit;on of, 258 

• G 

Oas pressure gauge, 206 
Gbiuges, low ^essure, &Q., 205' 

„ limit, micrOQ^eter, 320 
G^r, back motion^ in a lEithe,'i74- 
185 ; 

„ efficiency of OQiaftbined fever, 

screw and pulley, 160 
„ screw and pulley, 160 
„ starting and stopppigt iM 
„ worm-wheel Hfting, 170 
(bearing, backlash in ;; wheel and' 
screw, 158 
„ belt, reversing motions,* 

I2a-i24 
„ belt, shape of pulley ^es 

for, 127 " 

„ pitch of teeth 1b^ wheeK 1 32 
„ principle of work .^^p^d. 

to wheel, 135. 
„ velocity ratio of pi^leys io r 

belli, 1 19-12 1 
„ velocity ratio in wheel, 

„ wheel, in jib cranes, 144- 

Girders, 28^-289  '*'':.'.: f / " 

Grain, spiral or screw fpt mb^g, 

148 ■:; /c 

Gravity, acceleration due to, ^41 

„ centre of, 28 

„ specific, definilJjDil' of , ^98 
Gyration, radius of, z^f^^"  



Head or pressor* of 1^ l^xjgfgtf'j^i 
Headstock, fast or fixed, of' 1^ lathe, 
,184, 185 T . : ; 
M movable, for jt common 
lathe, i;9,.'ii8p-M; :. . 
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Headstook, movable, for a icrew- 

cntting lathe, i8i 
Heart-shapea cam, 295 
Heat developed b^ friction, 102 

„ relation between, and work, 104 
Hdix of a screw thread, 148 
Hooke'8 coupling joint, 293 
„ doable „ 293 
„ law, 261 
Horse-power brake, transmitted by 

belts, 118 
„ „ definition of, 12 
„ „ of working agent, 12 
Hydranlic accumnlator, 235-237 
bear, 233 
jacks, 229-233 
machines, 211-239 
press, Bramah's, 223-227 
press, large, 227-229 
Hydraulics, 191-239 



n 



If 



9f 
t» 



IDLB wheel (note on), 138 
Immersion of solids in fluids, 201 
Impenetrability of matter, 255 
Inclined forces, straight lever acted 
on by, 42 

plane, the screw as an, 149 

planes, 93-99 

principle of work applied 
to, 97, no, 112 
Indicator, motion for Richard's, 304 
Inertia definition, 252 
Intermittent motion, for cam, 296 



Jack, bottle screw, 162-164 
w traversing screw, 164 
Jacks, hydmulic, 229-233 
Jib cranes, atresses in, 85-89 
„ „ wheel gearingin, 144-146 
Joint, Hooke's coupling or universal, 

293 
„ „ double, 293 

Joule's relation between heat and 

work, 103 



Kelyik's, Lord, wire-testing ma- 
chine, 194 

Kinetic and potential energy, defi- 
nitions of, 246 

Knuckle-joint) 46-49 



n 



n 



*> 



Iff 



»f 



ft 



Lathb, back-motion gear of, 174^ 

185 
bed of a, 183, 187 
change wheels in a, 176- 

179, 183, 187 
fixed headstock of a, 184, 

185. 187 
leading screw of a, 175, 186 

mechsmism in a screw-cut- 

ting, 174-188 
motions of saddle and slide 

rest of a^ 176 
movable headstock for a, 

i7% 180, 181 
reversing plate for change 

wheels of a, 184, 187 
saddle of a, 176 
Law of Archimedes, 201-203 
„ „ Hooke's, 261 
„ „ Pascal's, 192 
Laws of friction, 103-109 

„ „ motion, Newton's, 241 
Leading screw of a lathe, 175, 186 
Leather collar packing, Bramah's, 

225 
Lever, bell crank, 43 
„ bent, 42 
„ combined with screw and 

pulley, 160 
„ definition of a, 22 
f, duplex bent, 43 
,9 position of fulcrum of a, 30 
w praotioal applications of the, 

35-46 
„ principle of moments ap- 
plied to the, 22 
f, principle of work applied to 

the, 53 
M safety valve, 38-40 
„ straight, acted on by in- 
clined forces, 42 
„ when its weight is takes 
into account 29 
Lifting gear, worm-whed, 170 
Limiting angle of resistance, 107 
„ stress, 259 

Limit gauges and micrometer gauges 

320 
Limits of elasticity, 261 
Limits in calculations, 5 
Linear velocity, 240, 242 
Liquid, defimtion of a, 191 
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Iiiqiiidy immersion of solids in a, 201 
„ pressure due to head of a, 1 93 
t, „ on anj immersed 

surface, 193, 195 
M transmission of pressure by 
a, 192 

Loads, definition of liveanddead, 258 
„ safe, and elasticity, 260 

Lockfast lever safety yalve, 39 

Logarithms — see Appendix 

Lubrication, 109 

Lumberer's tongs, 43 

M 

Maohinb, efficiency of a, 53 

„ modulus of a, 53, 136 
Machinery, importance of balancing 

high speed, 245 
Malleability, definition of, 256 
Mass definition, 251, 252 
Materials, machine for testing ten- 
sile strength of, 40-42 
„ properties of, 255-264 
Matter, definition of, i 
Mechanical advantage, 66, 68 
Mechanics, definition of Applied, i 
Mercurial barometer, the, 205 
Metals, melting points of, 258 
Modulus of elasticity, 262-264 
„ of a machine, 53, 136 
Moment of a force, 21 

„ „ resistance in beams, 283 
Moments, principle of , 2 1 ; applied to 
the lever, 22 ; applied to 
the wheel and axle, 55 
„ bending of beams, 275-278 
„ cantilevers, 281 
Momentum, definition of, 241, 251 
Motion and velocity, 240 
equations of, 242 
Newton's laws of, 241 
of saddle and slide rest of a 
lathe, 176 
„ parallel, 302-304 
Motions, reversing, 307-317 ; by 
belt gearing, 122-124 

N 

NxuTSAL axis, definition of, 282 

„ surface, definition of, 282 
Newton's laws of motion, 241 
Nippers, example of, 45 
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PAOKiKa, Bramah's leather collar, 

22^ 
Parallel forces, centre of, 26 

equilibrant and re- 
cultant of, 25-28 
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M „ v/att's, 302 

Parallelogram of forces, 82 
Pascal's Ukw, 192 
Passive resistance, loi 
Pawl and ratchet wheel, 298 

„ reversible, 299 
Percentage efficiency of a machine, 

63, 67 
Pincers, 44 
Pinion, rack and, 132 
Pitch circle, definition of, 131 
surface, definition of, 131 
of teeth in wheel gearing, 132 
Plane, inclined, with friction, iio- 
112 
without friction, 93 
principle of work applied to 
the inclined, 97 
Planes of belts and puJUeys in belt 
gearing, 125 
„ inclined, 93-99 
Planing machine, 307 
Porosity of matter, 255 
Potential energy, definition of^ 246 
Power, definition of, 12 

horse, definition of, 12 
„ transmitted by belts, 
118 
that steel shafting will trans- 
mit at various speeds, 272 
units of, 12 
Press, the fly, 249 

hydraulic, Bramah's, 223-227 

„ large, 227-229 

screw, for compressing bales, 
165 

Presses, packing for hydraulic, 225 
Pressure, atmospheric, 204 
centre of, 201 
due to head of a liquid, 193 
low, and vacuum water 

gauges, 205 
on fulcrum of a lever, 19, 

23-25 
on ram of a Bramah's 
press, 226 
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PiessurCt ofi sltiice gate, ^i 

ts . oothQftupportsof abeam, 

273-275 
t) on any surface immersed 

in a liquid, 193, 195 

f^ ' transmission of , by liqnidS) 

192 

Principle of moments, 21 ; applied 

to the lever, 22, 35 ; to 

the wheel and axle, 55 ; 

to the wheel and com- 

pband axle, 73 

„ of work, 52 ; applied to 

the lever, 53 ; to the 

wheel and axle, 56; to 

the ordinary block and 

tackle, 67 ; to the wheel 

and compound axle, 73 ; 

to Weston 'spulley block, 

76; to the inclined 

plane, 97 ; to wheel 

gearing, 135 

Pulley blocks and tackle, ordinary, 65 

,, combined with lever and 

screw, 168 

combined with worm-wheel 

and winch barrel. 168 

faces for belts, shape of, 127 

AVeston*s differential, 74-77 

PuUeys, 63-65 

arrangement of driving and 

following, in different 

planes, 125 

combinations of fast and 

loose, 122-124 

tendency of belts to run on 

highest parts of, 127 

velocity ratio of, in belt 

gearing,.ii9-ri2i 

Pump^ combined plunger and bucket, 

218 

„ corn'mon suction, 211-213 

double acting force, 218 



$> 



u 



>> 



It 



»» 



»» 



»» 



>• 



force, with.air vessel, 215 
„ plunger f rce; 2 1 3-2 1 5 



„ rods, tension in, 213 
Pomps, continuous delivery force, 

Without air vessels, 2 1 6 
Pouching machine, portable, or hy- 

. , draulic bear, 233 , 

Q 

QUADBANT or reversing plate for 
change wheels, 183, 187 
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Quantity of motloti or motnetitaiii, 

241 
Quick return cam, 297 

common, 314 
motion, Whitwozth's, 

3" 
reversing motion, 310 

with elliptic wheels, 
315 
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Rack and pinion, 132 

Radius of gyration, 248 

Railway carriages, screw coupling 

for, 156 
Ratchet, masked, 300 

„ wheel, pawl and, 298 
Ratio, velocity, of change wheels ill 

a lathe, 176-179 
definition of, 67 
of pulleys in belt 
gearing, 119-121 
of two friction cir- 
cular discs, 1 30 
,) «, in wheel gearing, 133 

Reaction, action and, 3 

„ from fulcrum of a lever, 

25»3o 
Reactions from supports -of beams, 

273-275 
Rectangular beams, strength of, 283 

,. „ relative strength 

of, loaded and 
supported in 
different ways, 
283 
Repose, angle of, 106 
Resistance, limiting angle of, 107 
., momentof , in beams, 283 

„ passive, or friction, loi 

work in overcoming a 
uniform, 64^9 

woik la livercoming a 
variable, 8-11 
Resolution, composition '• and, of 
forces, 82-84 1 of velo- 
cities, 241 
Resolution of a force into two com- 
ponents at right angles, 84 
Resultant and components, 4 

of parallel forces, 25-28 
of two forces at any angle 
with each other, 84 
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Resultant of any number of forces 

acting at a point, 84 
Beverbing by friction cones and level 
wheels, 308 
gear, bevel wheel and 
clutch, 309 
friction cone, 308 
quick return, 310 
Whitworth, 309 
motions, 307-317 
for belt gearing, 122-124 
„ plate for change wheels, 
183, 187 
Rigidity, definition of, 256 
Rods, tension in pump, 187 
Roller or ball bearings, no, 183 
Roman balance, 35 
Roof truss, stresses in a, 88, 89 
Rotating .bddy, accumulated wotk 

' in a, 247 
Rounded screw threads, 155 

S 

Saddle and slide rest of a lathe, 

176, 185 
Safe loads and elasticity, 260 
Safety, factors of, for materials, 260 

„ valve, 38-40 
Sawing machine, vertical, 301 
Screw bench vice, 166, 167 

combined with lever and pul- 
: ley, 160 

-coupling for railway car- 
riages, 156 . 
•cutting lath&, description of 

a, 180-188 
-cutting lathe, self-acting, 182 
-cutting mechanism in a 

lathe, 174-188 
endless and worm-wheel, 168 
gear, apparatus for demon- 
strating efficiency of, 160 
gearing, backlash in, 158 
„ -jack, bottle, 162-164 
-3ack« traversing, 164 
leading, of a lathe, 175, 186; 
split nut for engaging, 185 
-press for compressing bales, 

165 

or spiral, for moving grain, 148 
„ viewed as an inclined plane, 

149 

Screws, right and left-hand, 156 
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Screws, single-, double-, and treble- 
threaded, 157 
„ strength, durability, and 
efficiency of, 151 
Screw thread, 148 

buttress, 155 
rounded, 155 
forming a, on a cylln* 
der, 149 
„ square, 154 
Screwthreads, '"ha rat t eristics of, 151 
,, », diiierent forms of, 

151-156 
„ 4 Seller's, 154 

,, ,, Whitworth's, 151- 

154 
Shafts, strength of solid round, 270 

Shaping machine, 314 

Shears or bed of a lathe, 183, i86 

Ship's capstan, 57-59 

Silent feed, 300-302 

Siphon, the, 206 

Slide rest and saddle of a lathe, 176, 

18s 

Sliding angle, 107 

Slotting machine, vertical, 315 

* „ „ Whitworth's, 313 

Sluice gate, pressure on, 201 
Snatch block, 65 
Solid shafts, strength of, 270 
Specific gravity, definition of, 19S, 

256 
Speed cones, 124 
Split nut for engaging leading screw 

of a lathe, 1 85 
Squared paper, 14-17 
Smarting and stopping gear, 124 
Sreel beams and girders, 287-289 
Steelyard, 35-38 
Stepped speed cones, 124 
Straight levers acted on by inclined 

forces, 42 . 
Strain, compressive stress and, 259 
defimition of, 258 
shearing stress and, 269 
tensile stress and, 259 
^t^rength of mat.erial3, machine for 
testing, 40-42 
of materials, ultimate, 259 
Stress, centrifugal, on fly-wheels, 245 
definition of, 258 
intensity of, 258 
limiting, or ultimate strength, 
259 
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Straw, sheuring and Btrain, 269 

„ touO, 258 
StreaseB in bciuns due to bending 
moments, 273-278 
bending, in beams and can- 
tilevers, 282 
in chains, 268 
in jib cranes, 85-89 
in simple roof truss, 88, 89 
tensile and compressive, 
259 
Suction pnmp, common, 211-213 
San and planet wheels, 293 
Supports of beams, 273-275 
Snr&ice, definition of neutral, 282 
„ definition of pitch, 131 



Table of melting points of metals, 
258 
of moduli of elasticity, 263 
of power that steel shafting 
will transmit at various 
speeds, 272 
of ultimate strengths of 
materials, 260 
Tackle, block and, 65-68 
Teeth, pitch of, in wheel gearing, 

132 
Tenacity, definition of, 256 

Tensile strength of materials, ma- 
chine for testing the, 40- 

42 

„ stress and strain, 259 

Tension in driving belts, 116 
„ in pomp rods, 213 

Testing machine, 40-42 

Theoretical advantage, definition of, 
66-68 

Toggle joint, 46-49 

Tongs, Lumberer's, 43 

Torque or t¥risdng moment, defini- 
tion of, 270 

Transmission of power by belting, 
118; by liquids, 192 

Transverse stresses in beams, 273- 
278 

Traverskig screw-jack, 164 

Treadle lathe, self-acting screw- 
cutting, 182 

Triangle of forces, 82 

Turkus, carpenter's, 44 

Twisting moment, 270 



u 

Ultimatb strength of materials, 

259 
Uniform velocity, definition of, 240 
Unit of acceleration, 241 

„ force, 2 

„ horse-power, 12 

„ power 

„ velocity, 240 

,» work, 6 
Universal joint, Hooke*s, 293 
Useful constants — ^see Appendix 
Useful work in a machine, 52 
Uses of squared paper, 14-17 



Vacuum water gauges, 205 
Variable resistance, work done 
against a, 8 
„ velocity, defiunition of, 240 
Valve, lever safety, 38-40 
V-6crew-thread, Seller's, 1J4 
„ „ „ Whitwortn's, 151 

Velocities, composition and resolu- 
tion of, 241 
i> graphic representation 

of, 241 
Velocity and motion, 240 
angular, 241 
definition of, 241 
linear, with uniform ac- 
celeration, 241 
linear, 240 

unifoim and variable, 240 
unit of, 240 

ratio of change wheels in 
a lathe, 176-179 
„ definition of, 67 
„ pulleys in belt-gear- 
ing, I 19- 121 
„ two friction circular 

discs, 130 
„ in wheel-gearing, 133 
Vessel, air, action of an, 216 

„ „ force pump with, 215 
Vice, screw bench, 166-167 
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Wateb gauges, low pressure an& 
vacuum, 205 
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Water, luefnl data i^garding fresh 
and salt, 198 

Watt's parallel motion, 302 

Weems^ oompoand screw and hy- 
draulic jack, 23i>233 

Weston's differential pnlley block, 

74-77 
Wheel and axle, 55-57 

„ „ compound axle, 72-74 
Wheel gearing, backlash in, 158 

in jib cranes, 144- 

146 
pitch of teeth in, 1 32 
principle of work 

appUed to, 135 
Telocity ratio in, 133 
Wheels, anti-friction, 109 

change, in a lathe, 176- 
179, 183, 184, 187; quad- 
rant or reversing plate 
for, 183, 187 
fly-, centrifugal stress in, 245 
pawl and ratchet, 298 
sun and pUmet, 294 
Whitworth's quick return motion, 

3" 

reversing gear, 309 

slotting machine, 313 



M 



t> 



»> 



♦I 



fl 



M 



f> 



it 



Wliitworth's V-sorew threads, 151- 

154 
Winch barrel, 57 

„ double purchase, 143-144 
„ single purchase, 140-142 
Winch drum combined with pulley, 

worm, and worm wheel, 168 
Windlass, Chinese, 72 
Wire-testing machine^ Lord Kel- 
vin's, 194 
Work, accumulated, 246-248 
definition of, 6 
diagrams of, 9 

done against variable resist- 
ances, 8 
done on inclines, 110-112 
principle of, 52 
relation between, and heat, 

102 
transmitted by belts, 118 
unit of, 6 
Worm-wheel, endless screw and, 168 
and worm combined 
with pulley and 
winch drum, 168 
lifting gear, 170 
Wrought-iron beams and girders, 
288 ; sections of, 287 
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**Studrats of £ngin««rin2 will find this Text-Book invaluablb." — AfvAiUtf* 

"'Rm aiitkor has certainly succeeded in producinf a THOKOVGHLr ntACTiCAL Text* 

"We can onhesitatinKly rocomowad this work not only to the Stndent, as the mbt 
TfeZT-BooK en the subject, hut also to the professional engineer as an mxcMXDmuLW 
▼ALVABLB book of reference. "—Jf/^AMmrtf/ World. 



Tkibd Edition. In Two Parts, Published Separatelj. 

A TEXTBOOK OF 

Engineering Drawing and Design 

Vol. I. — Practical Gbometbt, Plank, and Solid. 3s. 

YoL. II. — Machine and Engine Dbawing and BEasoN. 4aw UL 

BY 

SIDNEY H. WELLS, WilSc, 

A.H.IK3T.C.S., A.M.IKBT.SBCH.X.. 

mnoliMd of the Battersea Polvtecbnle Instftnte, Mid Head of the EnsFfneerinff DHutftasnt 

therein ; formerly of the Bnfinesring Departments of the Yorkshire Oofleger 

Leeds ; and Duiwlch CoUese, London. 

WUh many Illustrations, specially prepared for the Work, and numtrmm 
Examples, for the Use qf Students in Technical Schools and CoUegUk 

*' A THOEOUOHLT usBFUL WORE, exceedingly well written. For the many ETsmpliie ■b4 
♦QHiitions we hav^e nothing but praise."— Mature. 

"A CATXTAL TBXT-BOOE, arranged on an bxcbllbnt ststbm, calculated to glveaa into 

Kisp of the subject, and not the mere faculty of mechanical copying. . . . Mr. Weill 
w to make coMFurrs woiuciBa-i>&AWiBC»8» discussing fully each step in the de8ign.*--dns 
JBteMis 

"The first book leads BAsriT and batitballt towards the second, where the 
Kongbt into contact with large and more complex desiinB."— Ths SMoolmatttr. 
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———■-■■ l■^■ I   ...  ■.■■■■■■■  I     .1 I !■ M^^w^p— ^P—  ■^W^—^^^B^^— ^P— ifc» 

Third Edition, Thoroughly Revittd, Roy^ 8fv. WUh tmmirmu 
IIkisAvH0t$s amd t$ Li^hdgn^ic PlaUf, Hetmkomi Chih* fHay^, 

A PRACTICAL TREATISE ON 

BRIDGE-CONSTRUGTION: 

BaJBg a Text-Book on tiw C«iigtmattoik af BildgMia 

IroQ and SteeL 

FW THE 08E OF STl^DENTS, DRAUaHTSllEN, AttD ElllllfEERI. 
By T. CLAXTON FIDLER, M.Inst.CE.« 

PtoC of Xngiae«rwg, Unlirwrity CoUegis, DoimU* 



GENERAL CONTENTS. 



.Part I. — Elemrntary Statics: — Definitions— The Opposition. uA 
Balance of Foroes— Bending Strain — ^The Graphic Repreientation of Bending 
Moments. 

Part II. — Grnrral Principles of Bridge-Construction: — ^Tht 
OMnparatlva Anatomy of Bridcfl^^Combined or Compositt Bridges— 
Tbrn^cal Weight of Bridges-^On Deflection, or the Curve of a BendtA 
Obrdar-— Continuouf Gtrdert. 

Part III. — The Strength of Materials :— Theoretical Strcn^h of 
Oolumni — Design and Constnictioik of Stmts — Strength and Conftraction of 
TL8ih--Workinf Strength of Iron and Sttel, and the Woikiag Sti«M in 
•ffdger— Wohler's Experiments* 

Part IV.— The 6mign of Bridges in Detail:— The Load on 
Mdges—Calcnlation of Stresses due to the Movable Load— Parallel Girder»— 
Direct Calculation of the Weight oC Metal— Parabolic Girders, Polvgontl 
Trusses, and Curved Girders — Suspension Bridges and Arches : Flodble 
Constniction — Rigid Construction — Bowstring Girders used as Arches or at 
Saspension Bridges — Rigid Arched Ribs or Suspension Ribs— Continuout 
CMrOers and Cantilever Bridges— The Niagara Bridge— The Forth Biidg(»— 
Wl&drPressure and Wind- Bracing : Modem Experiments. 

"The new edition of Mr. Fidler's work will again occui)y the same con- 
spicuous position among professional text-books and treatises as has been 
ixocorded to its predecessors. The instruction imparted is sound, simple, 
AND full. Tlie volume will be found valuable and useful alike to those wha 
may wish to study only the tbeoretic&l principles enunciated, and * . « 
to others whose object and business is . • . practical." — TAe ISngineer, 

"Mr. Fidlsb's buoobss arises from the oombination of KXPiBmroi and 
mrucOTT OF TiuiATMENT displayed ou every page. . . . Theory is k^t is 
■alMrflwiftion to Praotioe, and his book is, therefore, as ussful to ptoM-miktm 
M to students of Bndgs Construction. '* — The ArchU§ct, 

*^ Am xiDiiPENflABLS XAKDBOOM for the pcftetiosil BngfatMt."— JTolMM* 
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Works by BRYAN DONKIN, M.Inst.C.E.« H.lD8tMeeb.B.. fte. 

Thi&d Edition, Revised and Enlarged. With additional 
Illustrations. Large 8vo, Handsome Cloth. 25s. 

GAS, OIL, AND AIR ENGINES: 

A Praotieal Text -Book on Internal Combustion Motora 

without Boiler. 

By BRYAN DONKIN, M.Inst.C.E., M.Inst.Mech.E. 

OsMBKAL CoNTBNTt.— Uas Eofflnei :— Genenl Description— History and Deretoi^ 
■MMt— 'British, French, and German Gas Engines — Gas Production for Motive Powe r — 
Aeory of the Gas Engine — Chemical Composition of Gas in Gas Engines— UtiKsation •§ 
Heat — Explotton and Combustion. Oil Hotors : — Histoiy and Development— Vaiioua 
Types— Pnettman's and other Oil Engines. Hot-AlF EnffinM :— History and D«velop- 
Meat— Various Types : Stirling's, Ericsson's, ftc., fta 

"Tha assT book mow publishbd on Gas, Oil, and Air Engines. . . . Will be of 
▼BXY ORBAT IMTBRBST to the numerous practical engineers who have to make themselves 
Cunihar with the motor of the dajr. . . . Mr. Donkin has the advantage of LONO 

FKACTICAL BXPBBIBNCB, combined with HIGH SCIENTIFIC AND BXPBRIMBNTAL KN0WLXDO% 

Bnd an aocurate perception of the requirements of Engineers. " — TA* Engirutr. 

"We MBAKTiLY RBCOMMBND Mr. Dooloin's wonc. ... A monument of caveAil 
laboor. . . . Laminousandcomprehensive.**— TJ^w^^wA/'/^^'-^^A/Mif-. 

"A thoroughly reliable and exhaustive Treatise." — Eng^neerin^^, 



In Quarto, Handsome Cloth. With Numerous Plates. 25s. 

THE HEAT EFFICIENCY OF STEAM BOILERS 

(LAND, MARINE, AND LOCOMOTIVE). 

With many Tests and Experiments on different Types of 

Boilers, as to the Heating Value of Fuels, Aic., with 

Analyses of Gases and Amount of Evaporation, 

and Suggestions for the Testing of Boilers. 

By BRYAN DONKIN, M.Inst.C.E. 

GBNB1LA.L Contents.— Classification of different Types of Boilers — 
425 Experiments on English and Foreign Boilers with thexr Heat Effidencier 
shown m Fifty Tables — Fire Grates of Various Types — Mechanical Stokers — 
Combustion of Fuel in Boilers — Transmission of Heat through Boiler Plates, 
and their Temperature — Feed Water Heaters, Superheaters, Feed Pumps, 
Ac. — Smoke and its Prevention — Instniments used in Testing Boilers — . 
Marine and Locomotive Boilers — Fuel Testing Stations — Discussion of the 
Trials and Conclusions — On the Choice of a Boiler, and Testing of Land» 
Marine, and Locomotive Boilers — Appendices — Bibliography — Index. 

With PleUes illustrating Progress made during recent ) ears, 
and the best Modem Practice, 

**iL wouc OF SEVXBBECB AT mxBBNT VKIQ17S. Will ffive an aniwer to alinott any 
fMsllon oonnected with the performance of boilen that it is possible to uk."—Enotm»tt. 

" Probably the most kxhaustitx r$sumi that has ever been collected. A FBAomAZ 
Boos by a thoroughly practical man.'*->/ron and Coal Trades Bttiew. 

LONDON: CHARLE8 GRIFFIN & CO.. LIMITED, EXETER STREET, STRAND. 
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Boilers, Marine and Land: 

THEIR CONSTRUCTION AND STRENGTH. 

A Hakdbook Of RcLEa, Fobmdla, Tablks, ko., BJuaTiv* to IfAXHUi^ 

SoxNTLttroa, AKD Pkesbubss, SiTKn Valtks, SpBoiaa, 

FrmHos and MouvTixas, ka, 

FOR THE USE OF ENGINEERS, 8UEVEV0RS, BOILER-MAKEBS, 

AND STEAM USERS. 

Bt T. W. trails M.lBST.aE., F.E.RN., 

Lit* KilinMr auTTijcK^ln-aiiW U tlis Boud of Tndl. 

•,• To THB StOOND AND TniBD Editiohs makt New Tablks for PBnBCKK, 

np to 200 Lbs. per Sqcabk Inch have been added. 

"TMIMoniAIIIABlJiroilI dh Dallen pnlillnhcd Ln Enilnnd.'— 9M;ip<«g irorld. 

OaaUiiuui Biouioci QmiiiiiT OF IsfORmTios irmngwl in ( Tcrj con>»nli!Et (orm. . . 



Third Imprtition. Large Crown Svo. With nnmeroiu Illaitratioiu. Ob. 

ENGINE-ROOM PRACTICE: 

A Handbook for Engineers a.nd Officers In the Boyal Nav; 

and Mercantile Harlne, Including: the Management 

of the Main and Auxiliary Engines on 

Board Sb!p. 

Er JOHN G. LIVERSIDGE, 

luinMT, B.N., A.U.I.C.E., IngtrnctoT Id Applied Meobuilu it tbe Hojtl Sml 

College, Greenwich. 
OmImU.-aeatni Deg 



Soaln cl BnglBet.— Fm 
nthnci.— Clauliuiad P. 
AMoiuUe FeedTWMr 
KMUBery.— HjdnnUs H 
— HulilnerT ol Deunym 
fatrj or AuliUiii liniiliH 
bgVMert, B.N.— BSKaUU< 



■-J^nar 



In Orovm Svo, txtra, viiCh ifiimenmi Uliulraliims. IShertlf, 

GAS AND OIL. ENGINES: 

An Introductory Text-Book on the Theory, Design, Constmction, 

and Testing of InteiaBi Combastion En^es wilJioat Boiler. 

rOR TBS tJS£ OF STUDENTS. 
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SscoifO) Edition, Revised. With mtmercns Plates reduced from 
Working Drawings and 280 Illnstratioitt in the Text. tU, 

A MANUAL OF 

LOCOMOTIVE ENGINEERINGS 

A Practical Text-Book for the Use of tnsflne ficdKlers, 

Desigrners and Drangrhtsmen, EsSmnj 

Engineers, and Students. 

BY 

WILLIAM FRANK PETTIQREW, MJnst.GE. 

With a Seotion on American and ContinMttal BngiSLes. 

By AXBERT F. RAYENSHEAR, B.Sa, 

Of His Majeity'B Patent OffiM. 

CVmfen^f. — Historical Introdnctlon, 1768-1868. — Modani LocomolfTes : B^ple.« 
Modern LoeomotiTte : Gomponnd. ~ Primary Consideration in LoeemotlTe JMtgA.-^ 
•£!TUadenr, Btaam Ofaeete, and StttfflBg Boxei.— PlstoDt, Piston Bods, OroMheada tad 
iUde Bara.— Gonaeotlng and Conplinf Bode.— Wfieels and Axlea, Axle Bozee, HormblaalH^ 
4gA Bearing Bprlnffs.«-Balanolnf.— Valve Gear.— Glide Taitea and ValTe Gtoar Detiifla— 
naminc, Boflee and Axle Tnxcki, Badlal Axle Boxei.— Boilers.— Smokebox, Biaei Vm 
ilrebox Fittings.— Boiler Moautin^s.— Tendera - Bail way Brakes.— LubrieattotL—Odn- 
eamption of Foel. BTaporatton and Engine AfBolenoy.- American Locaino«lTea.--<kMl- 
tfnaatal LocomotiTe9.-^BepalrB, Banning, InspeoUon, and Beneirala.— T&x«e Apptndioes 

**IJkely to remain for many years tlie Biaxdamd Wobx for those nishlac to leans 
f>esifn.'*«^'r^n«er. 

■^A most interesting and valuable aOffltioa to the UtaUegraphy of tile LoerasottTe.**— 
Aof/tfoy Official OatttU. 

** We recommend the book as thosoughlt fbacttcal in its charaoter, and lOBunxc A 
«LAOB IV AST COU.XCTIOH Of . . . works ott Locomotlte ]lag1neerliig."«»B«</«av Jftwt, 

**The work oomrAiss all that can bs lsaaxt from a book npon saoti a subject. It 
irlll at once rank as lai staxdaxd woxk tn»ov tub iWfOMtjjn soBJBor."— BaO swy Ma^mirn , 



In Large Svo. Handsome Cloth, WUh Plate» and JUustraH^T^ t$B, 

AT HOME AND ABROAD. 

By WILLIAM HENRY OOLE, M.Inst.O.B., 

Lste Depnty-Mansger, North- Western BsUway, bdte. 

Confen^.— Discussion of the Term '^Li^ht Railways.'*— EngUsh Ballwayf, 
tEates, and Farmers. — Light Railways in Belgium, France, Ita^, otnr 
European Countries, America and the Colonies, India, Ireland.— Road Traa»' 
port as an alternative.— The Light Railways Act, 1896.— The Question of 
'Gauge .—Construction and Working.— Locomotives and Relling-dtock.— Light 
Railways in England, Scotland, and Wales.— Appendices and Jjidex. 

"Hr. W. H. Oole has brought together ... a lasov axouitt of valvabui tmmmr 
"SOB . . . hitherto practically iuacoo3«Ible to the ordinary reader."— Wm«. 

" Wm refloaln, for sofme time yet a SraxDAaft Woxs in everything rsMliig te LUil 
BallWMB. "•> J^tfMsr . 

** Ae anthor has extended praotical experience that makes the boek hieid and «nfeL 

It ISKKOSBDIBGLT WoU doOO; "— AlfAlMHfl^. 

** The whole snbieot is xxHACsnyKLT and PBAOncALLT considered. The workoaahe 
eordiaUy reoommtaded as nrnsPBMSABLB to those whose doty It is to beoome aoqaatttftsA 
with one of the prime necessities of the immediate fature."— lla<l«My OffieM OmtttU. 

** Thhkb oouu> aa iro vrrrxB book of first reference oa Its sobjeot. All nlnisi eC 
Engineers will welcome ite appearance.*— ^gooUmaw. 
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Third Edition, Revised and Enlarged. With Numerous 

MlmiraHims, Price 8$, 6d. 

VALVES AND VALVE-GEARING: 

INCLUDING THE CORLISS VALVE AND 

TRIP GEARS. 

BT 

CHARLES HURST, Practical Draughtsman. 

** Coirciu ezplanationt lllustratod by 116 test clbab diaseaus and drawings and 4 foldiiic> 
^latea . . . the book ftalflla a taluajli function."— ^(AetMwm. 

"Me. Hveot*! taltbi and talte-«baeie« will prove a Tery yaloable aid, and tend to the 
vrodaotionof &iffai«aofBCiBVTiric DE8IOK and BCoioMiCAL woEXuro. . . . Will be largely 
'floofht after by Student! and D«riffnen."->lfarii»« Jhtginter. 

•» tTSBVDI. and TBOKOTTafTLT PKAOTTOAL. Will imdo«rt>t«dlT b* fOund of OUAT TASOB tO 

All ooneemed wlfh the dealgn of ValTe-gMriiiff."-~if«0AanM»i Wt14. 

**Al]noot KTKET TTPB of YALTB and Its gearing la clearly aot fortt, and lllnstratad la 
«IbIk • way aa to be bsadilt cmdeutood and PBAonoAuur ArrusD \ff eUlier the Englafter, 
Dtma^ktaman, or Student. . . . Should pro-ve both usbvul and taldaels to all Sngiaaara 
•aaeklug for rbuabls and glbab lafonnatloB on the subject. Ita mod«rate price brings it 
Within the reach of aU."— indiMlriM and Iron. 

** Mr. HtJBSir'B work it amobamct raited to the needa of the praotical meehania . . . 
It If free from any eliborate theoretioal diacmwions. and the explanations of the Turiow 
ijiy of Talve-gear are accompanied by diagrams which render them easily ubdxbstood. 
«tefKi Bcimtifk American. 



In Paper Boards, 81^0., Cloth Back. Price is. 6d. net. 

HINTS ON 

Steam Engine Design and Gonstrnction. 

BT 

AUTBOS OF "VALVES ABD VALVE OBABIKO." 

WITH NUMEROUS I LLU 8T RAT fO N S, 

CONTENTS. 



T. Steam Pipes. 

n. Valves. 
m. Cylinders. 
IV. Air Pamps and Condensers. 

V. MottonWork. 



VI. Crank Shafts and Pedestals. 
VII. Valve Gear. 
VTII. Lubrication. 
IX. MisoellaneouB Details. 
Index. 



"▲handy volume which every pr&ctioal young engineer should possess."— 7%< Model 
JBnginter. 
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Large 8vo, Handsome Cloth. With Ulustrationi, Tables, ^o. 21s. 

Lubrication & Lubricants: 

A TREATISE ON THE 
THEORY AND PRACTICE OF LUBRICATION 

AND ON THB 

NATURE, PROPERTIES, AND TESTING OF LUBRICANTS. 
By LEONARD ARCHBUTT, F.I.O., F.O.S., 

Chemist to the Midland Rail way Company, 
AND 

R. MOUNTFORD DEELEY, M.T.M.E., F.G.S., 

Midland Railway Locomotive Works' Mauagcr, Dcrbjr. 

(/ONTEKTS.— I. Friction of Solids.— II. Liquid Friction or ViscoBity, and Plsatie 
lirlction.— III. Superficial Tension.— IV. The Theory of Lubrication.— V. Lubricants^ 
their Sources, Preparation, and Properties.— VI. Physical Properties and Methods of 
Examination of Lubricants.— VI I. Chemical Properties and Methods of Examination 
of Lubricants.— VIII. >The Systematic Testing of Lubricants by Physical and Chemical 
Methods.— IX. The Mechanical Testing of Lubricants.— X. The Design and LubrioatioD 
of Bearings.— XI. The Lubrication of Machinery.— Index. 

" Destined to become a classic on the subject." — Indutirxei and Iron. 
" Contains practically ALL THAT IS KNOWN on the subject Deserves the careful 
attention of all Engineers."— iJaiiiray Ojjlcial Guide. 



Fourth EDmoir. Vety/uUy lUutiraUd, doth, 4«. fUL 

STEAM - BOILERS: 

THXIR DEFECTS, MANAGEMENT, AND CGNSTBUCTION. 

By R D. MUNRO, 

Chi^ Engineer of the Seottith Boiler Inturanee and Engine InepecHon Compiinj. 

Gbkeral Contents. — I. Explosions caused (i) by Overheating of Plates — (•) Bjr 
Defective and Overloaded Safety Valves— (3) By Corrosion, Internal or External— fi) B/ 
Defective Design and Construction (Unsupported Flue Tubes ; Unstrengthened Mannoles ; 
Defective Staying; Strength of Rivetted Joints; Factor of Safety)— II. Construction or 
Vertical Boilers : Shells— Ciown Plates and Uptake Tubes — Man-Holes, Mud-Holes» 
and Fire-Holes — Fireboxes — Mountings — Management — Cleaning — Table of Bursting 
Pressures of Steel Boilers— Table of Kivetted Joints — Specifications and Drawings of 
Lancashire Boiler for Working Pressures (a) 80 lbs. ; (3) 200 lbs. per square inch respectively. 

" A valuable companion for workmen and engineers engaged about Steam Boilers, o^ght 
to be carefuUv studied, and always at hand."— C<>//. Guardian. 

" The book is very useful, especially to steam users, artisans, andVoung Engineer." — 
Efigimer. 



By the samb Author. 

KITCHEN BOILER EXPLOSIONS: Why 

they Occur, and How to Prevent their Occurrence. A Practical Htad" 
book based on Actual Experiment. With Diagram and Coloured Plate. 
Price 3s. 

LONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND. 
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I Just Out.. /;/ Crozvn %vOy Hattdsome Cloth, With Numerous 

I 

I Illustration . 

EMERY GRINDING MACHINERY. 

A Text-Book of Workshop Practice in General Tool Grinding, 

and the Design, Construction, and Application 

of the Machines Employed, 

BY 

R. B. HODGSON, A.M.Inst. Mech.E., 

Author of "Machines and Tools Employed in the Working of Sheet Metals." 

Ik 

Introduction. — ^Tool Grinding. — Emery Wheels. — Mounting Emery Wheels. 
—Emery Rings and Cylinders. — Conditions to Ensure Efficient Working. — 
ILeading Types of Machines.— Concave and Convex Grinding. — Cup and Cone 
Machines. — Muhiple Grinding. — "Guest" Universal and Cutter Grinding 
Machines. — Ward Universal Cutter Grinder. — Press. — Tool Grinding. — Lathe 
Centre Grinder. — Polishing. — Index. 



Fifth Edition. Folio, strongly half-bound, 21/. 

TEAVERSE TABLES: 

Computed to Four Places of Decimals for every Minute 

of Angle up to 100 of Distance. 

For the use of Surveyors and Engineers. 

BY 

RICHARD LLOYD GURDEN, 

Authorised Surveyor for the Goremmentt of New South Wales and 

Victoria. 

\* JMHthid with the C^futerreHce ef the Surveywi-Gmmul for New SottiM 

fVmUs ami Vutoria. 

*"thmm who baTe cxpericftCA in exact Suktby-wokk will best know how to approcinto 
ihm mamrnmoM aaunint of labour ropreientod by this Tsluable book. Tho computatioBt 
eaabk ^ uiar to aseertain the iiaas and coonos for a distanca of twelre miles to within 
half aa iodi, and this vr ksfbhkncb to but Onb Tabls. kq place ot the usual FifteoB 
nuAuta eenfiitatioBS lequiveo. Tins alone is endenee of the assistanoe irfuch the Tables 
ensure to orsry user, tad as evety Soireror in actiTe ptadice has f<^ the want of sodb 
raw KMowiNG or tmbib pubucation wiu. bbmain without thbm." 
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WOBKS BT 

ANDREW J AMIESON, M.Inst.C.K, M.I.E.E., RILfiJE^ 

Formtrly Professor of Electrical Engineering^ The Glasgow and West of S:oilana 

Technical College. 



PBOFESSOB JAMIESON'S ADYAHGED TEXT-B008B. 

In Large Crown 8vtf. I*Ully Illustrated, 

STEAM AND STEAM-ENGINES (A Text-Book oii>. 

For the Use of Students preparing for Competitive £xsBunatians. 
With 600 pp., over 200 lUustmtions, 6 Folding Plates, and numerous 
£xamination Papers. Thirteenth Edition, Revised. 8/6. 

"Prafossor jAuuesoa fascixuitM the read«r bv his clsaknbss of concbption ani>> 
SIMPIKITY or BxrxBSSioN. His tr«atm«nt recalls ui« Ucturing of Faraday."— ^/A^xMrMMW 

" 71j« Bbst Book yet published for the xise of Stodents." — Engineer* 

MAGNETISM AND ELECTRICITY (An Advanced Text^ 

Book on). For Advanced and ** Honours *' Students. By Prof. Jamieson, 
assisted by David Robertson, B.Sc. , Professor of Electrical Engineering in 
the Merchant Venturers* Technical College, Bristol [Shorily, 

APPUED MECHANICS (An Adyancad Text-Book on). 

VoL I. — Comprising Part I. : The Prindple of Work and its ajipUai- 
tions; Part II.: Gearing. Price 7s. 6d. Third Editiok. 

''Fully maintains the reputation of the Author.** — Prmei. Snihuen 

Vol. IL— Comprising Psjts III. to VI. : Motion and Energ^i GimpUe 
Statics; Strength of Materials; Hydraulics and Hydraulic flfachintiy.. 
Second Edition. 8s. 6d. 

"Well and lucidly writtkn."— TA* Engineeir. 

*«* Each of the aboz'e volumes is complete in itself , and sold separately, 

PB0FS8S0B JAmifiOH'S IKTBODUCTOBT MAMUAXA 

Crovm 8w. WUh IllustraHtm and Rxaminathn Papers, 

STEAM AND THE STEAM-ENGINE (Elementarv 

Manual of). For First- Year Students. Ninth Edition, Revised. 3/I. 

" Should be in the hands of bvkky eo^^eering apprestlce.**— Pmr/^a/ Engineer. 

MAGNETISM AND ELECTBICITT (Elementary Manual 

of). For First-Year Students. Fifth Edition. 3/61 

'* A capital tkxt-book . . . The diagrams are an important feature."— sSc^tf^^MUMiirr.. 
"A THoaouoHLY TEUSTWORTHY Text-book. Pkactical and dear.**— iVoiwfr* 

APPLIED MECHANICS (Elementary Manual of)* 

Specially arranged for First-Year Students. FiPTfC Emtion, 
Revised. 3/(V 
"The work has vsky high qualitibs, which oiay be condensed into the one word 
Ul' ""^cifnce emd Art, 



In Preparation. 300 pages. Crown Svo. Profusely Illustrated, 

IHODERN Electric Tramway Traction 

A Text-Book of Present-Day Practice. 
fw the Uu of Eleetrioai Engitwering Students and thote inteniied m Mkdrie 

Tramsntiman ^ Pemmr. 

By Pmoir. ANDREW JAMIBSON. 



A POCKET-BOOK of ELECTBICAL RULES and TABLS& 

For the Use of Electricians and Engineers. Pocket Size. Leather, 
8s. 6d. Sixte enth Edition. [See p. 49. 

•^I^DON: CHARLES QRIFFIN ft CO., LIMITED, EXETER STREET, STRAND. 
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WORKS BY 

I. J. MAGQUORN RANKINE, LL.D., F.R.S., 

LmtM R^giuM Profntor tf OMI Engineering in the Unioenitg of (Uaegow, 

THOBOTF«HLT BBVI8SD BT 

^V7. J. MILLAR, C.E., 

iMte Secretary te the /netitute of Engineers and Shipbulldera In Seoiiand. 



A MANUAL OF APPLIED MECHANICS : 

OompdBing the Principles of Stattoi and Cinematics, and Theeiy o^ 
Struotorea, Mechaniain, and Machines. With Nnmerofui Diagnuouu 
Crown 8to, cloth. Sixteskth Edition. 12s. 6d. 



A MANUAL OF CIVIL ENGINEERING : 

Oomprising Engineering Surveys, Earthwork, Fonndations, Masonrj, Car* 
pMitry, Metal Work, Eoads, Hallways, Canals, Rivers, Waterworiiu^ 
fiariMUW, ice. With Nmneroiu Tables And lUustratioea. Crown tr^ 
eloth. TwsNTY-FiitsT EDirioar. Its. 



A MANUAL OF MACHIMEBT AND HILLWOIK : 

OoM^risii^ tibe Geemetry, Motions, Work, Strengtk, OoBBtnMotkf an* 
effects ol Machines, &o. Illastrated witli nesrly 300 Woodontaw 
OrowB $¥% doth. B^tTExm Ei>moir. 12s. 6d. 



A MANUAL OF THE STEAM*SN6INE AND OTHSJI 

PRIME MOVEBS : 

Vkb • Sm/Aon on Gam, Oil, and Aib Enouw, by Bbtut Dobkiw^ 

MJAstC.E. With Folding Plates and Kameroos lUiuilrAticm. 
Crown 8vo, cloth. Fiftbbmth Edition. 12s. 6d. 

UIDON; CUABLES eSIFFIN « CO. IIUIIEO. EXETER STREET. SIRAMOk 
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PftOr. Rankinb's yfo^iLS— {Continued). 

USEFUL RULES AND TABLES : 

Por Architects, Builders, Engineers, Founders, Mechanics, ShipbaildMS, 
Snrreyors, &c. With Appendix for the use of Eleotbioal ENOiKBXMk 
By Professor Jamibson, F.R.S.E. Ssyskth Edition. lOs. 6d. 



A MECHANICAL TEXT-BOOK : 

A Practical and Simple Introduction to the Study of Mechanics. BSf 
Professor Rankine and E. F. Bambeb, C.E. With Numerous niui- 
trations. Crown Syo, cloth. Fifth Edition. 9s. 

*«* Th* " MacHAHiOAL Tkxt-Book " vtai tMgned bf ProfMSor SAVKm m «• 
••voxioa t0 tht a6oM Swiu •f ManuaU. 



MISCELLANEOUS SCIENTIFIC PAPERS. 

Royal 8vo. Cloth, 3l8. 6d« 

Part I. Papers relating to Temperature, Elasticity, and Expansion of 
Vapours, Liquids, and Solids. Part II. Papers on Energy and its Tnu- 
formations. Part III. Papers on Waye-Forms, Propulsion of Vessels, Jbe. 

With Memoir by Professor Tait, M. A. Edited by W. J. Millab» O.S. 
With fine Portrait on Steel, Plates, and Diagrams. 

" No more •ndurisK Mwaorial of Profettor Rankine could bo dovisod than dio poUfai^ 
don of thoso pnpen in an accessible fbnn. . . . The Collection ie moet vabuiUe oi 
•eeouBt of the nature of his ducoreries, and the beauty and completencw of his 
. . . The Volume exceeds in importance any woik in the 
ii edir tiae.''—^fr>l«^/. 



SHELTON-BEY (W. Vincent, Foreman to the 

Ottoman Gun Factories, Constantinople) : 



THE MECHANIC'S GUIDE : A Hand-Book for 
Aftizans. With Copious Tables and Valuable Rcdpes for Pirndkal Vm 
Dfautrated. S^md EdUhn, Crown Sto. doth, 7/6. 



IDHOOM : CHARLES GRIFFIN A CO^ LIMITED, EXETER STREET. STRANDl 



ENOINEBRINQ AND MSOHANIOB. 37 

In Large %vo^ Handsome Cloth. With Frontispiece, several Plates, 

and over 250 Illustrations, 2U. 

THE PRINCIPLES A«D COHSTRDCTIOll OF 

PUMPING MACHINERY 

(STEAM AND WATER PRESSURE). 

With Practical lUustrationB of Ekgines and Puatfs applied to MiviKO, 

Town Wateb Supply, Drainage of Lands, &c., also Economj 

and Efficiency Trials of Pumping Machinery. 

By henry DAVEY, 

Memb«r of the Inatitation of Ciyil Engineers, Member of the Institution of 

Mechanioal Engineers, F.G.S., Ac. 

CONTENTS — Early History of Pumping En^nes — Steam Pumping Engine* — 
Ptunps and Pump Valves — General Principles of Non-Rotative Pmnping 
Engines — The Cornish Engine, Simple and (compound — Types of Minmy 
Sngines — Pit Work— Shaft Sinking — Hydraulic Transmission of Power in 
Minea— Valve Gears of Pumping Engines — Water Pressure PumpingEnginaa 
— ^Water Works Endues— Pumping Engine Economy and Trials of Pumping 
Machinery — Centrifugal and other £ow-Lift Pumps — Hydraulic Bams, 
Pumping Mains, &c.- Index. 

'^By the 'one Kugliah Engineer who probably knows more about Pumping Machinery 

than ANT OTHKB.' ... A VOLUHa KKCOBDINO THR BS8ULT8 OJ LOVQ BZPXBZXirOB AJUD 

I STUDY." — Th€ Eriffiueer. 

''Undoubtedly THB bsst ahi> host raACTicAL tbxatisb on Pumping Machinery thax bam 
rxT BSiN rvBLUBMD.''— Mining Journal. 



8S00JVD EDITIOJV, Bevised and Enlarged. 
In Large 8vo, Handsome cloth, 349* 

HYDRAULIC POWER 



AND 



HYDRAULIC MACHINERY. 

BT 

HENRY ROBINSON, M. Inst. C.E, J.G.S, 

FBLLOW OF king's COIXXGB, LONDON; PBOF. OF CIVIL ■NOimUMMG^ 

kino's collxgb, rrc., arc. 

mxxh numerous Tmoodcutd, an2) Siit^ninc putei. 

" A BmIc of great ProfiMsional Usefiilaess.**— /ms. 

tiONDON : CHARLES GRIFFIN A CO., LIMITED, EXETER STREET, STRAND. 
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3$ OHARLMM QRIFFIJr A OO.'B PUBLIOATIONA 

thi/ti/ 8v9, Hund9om9 OioUf. With numeroua illuatrattona and Tad/** 28§, 

THE STABILITY OF SHIPS. 

BY 

SIR EDWARD J. REED, K.C.B., F.R.S., M.F., 



or THS IMFKUAL OBDSM OF ST. tTANILAUS 09 AUSSIA; nULMtiM |O0B« OV 
AUSTBIA; MBBfloait OF TVltKBT; AKD UtIM« ffDlT OF fAT All ; 

pattnmvT of tub iNflTirurioir of naval 



la miM to rmdm tko wtrit rmnftrtfi for Hm MfooM of tbc aUpkoOdar, wlMllMr al 
IT aWood, tha M«dMdi of Cakalatioa introduced by Mr. P. K. BAamt, Mr. OaAB^ 
V. TilTW. M. Datmabd, and Mr. Bkmjamim, u« all gnran wpwatalT, fl! tm i » i d If* 
TWUm Ma woiktd-oat aaaat]riw. TIm Mok ooataiai mwa than we DnicnuB% mA m 
WkumUtA kf a krn anilwf of actaal caiM, dariTvd from dUfs of all rtanaialiiMm 

* 9b Kdwakd kbudI ' Stajuuty of Shipo ' is intaluabls. Thm Naval Aauuiakff 
will ind bpought tegatiMr and raady to hu hand, a man of infonaatfoa wbitk ha would oIIm» 
wiM hanra to M«k in an almoat andMsi variety of publtcatioDS, and same of which ha would 
poMiUy not be able to obtain at all etoawfaere.' * J U tm msk t i/ K 



THE DESIGN AND OONSTBITCTION OF SHIPS. By John 
Harvard Biles, M.Inst.N.A., Professor of Naval Architecture m tbe 
University of Glasgow. [In J^n^anUd^tK 



Second Edition. Illustrated with Plates, Numerous Diagrams, and 

Figures in the Text. 1 8s. net. 

STEEL SHIPSs 

THBIB CONSTBXJOTION AND MAINTENANCS. 

A Manual for Shipbuilders, Ship Superintendents, Students^ 

and Marine Engineer^k 

By THOMAS WALTON, Naval Architect, 

authob of "know your own ship." 

Ck)NTENT8. — I. Manufacture of Oast Iron, "Wrought Iron, and Steel. — Com- 
position of Iron and Steel, (Quality, Strength, Tests, &c. II. Classification of 
Steel Ships. III. Oonsidorations in making choice of Tvpo of Vessel. — ^Framinc 
of Ships. IV. Strains experienced by Ships. — Methods of ComputiiiK and 
Oomparing Strengths of Ships. V. Oonstruction of Ships. -^Alternative Mode* 
of Ck)Ofltruction. — Types oi Vessels. — ^Turret, Self Trimming, and Trunk 
StoMnorSt Ac.— -Eivets and Rivetting, Workmanship. VI. Pumping Arrange- 
ments. VII. Maintenance. — Prevention of Deterioration in l^e Hulb of 

Ships. — Cement, Paint, &c.— Index. 

'* So thorouiih and well written is every chapter in the book that it i« dlilEcuIt to leleet 
any of them as being worthy of exceptional praise. Altogether, the work is excellent, and 
will prove of great valne to those for whom It is intended."— rA< Engineer. 

** Mr. Walton has written for the profession of which he is an ornament Bis work 
will be read and ajppreciatad, no doubt, by every M.I.N.A., and with great benefit by the 
majority of them. '^—/ournal o/Commeree^ 



Second Edition, Cloth, 8s. 6d. Leather, for the Pocket, 8s. 6d. 

GRIFFIN'S EliEOTRIOAIi PBIGE-BOOK : For Electrical. Civi% 

Marine, and Borough Engineers, Local Authorities, Architects, Railway 

Contractors, &c., &c. Edited by H. J. DowsiNO. 

" Tk« ELXcnticAL Parca-BooK iraMovas all mystskv about the cost of Xketrkal 
^awer. By its aid the xxpbnsb that will be entailed by utilising; electricity on a htfsa m 
mail scale can be discovered.'*— i<frA<7/rA 

UdOON: CHARLES 6RiFFIN ft CO.. LIMITED, EXETEfi STfiEET. STRAND. 
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§5. GRIFFIN'S NAUTICAL SERIES. 

Edited by EDW. BLACKMORE, 
Master If tri&er, Hirst Class Trinity Honse Certificate, Assoc. Inst. K.A. ; 

And WfiTETSN, MAINLT, by SAILOBS for SAILOB8. 



"This admikablb seeiks."— Fatrp7ay. "A vert useful series "—Natwr: 

"The volumes of Messrs. Griffin's NAUTiOAli Series may well and profitably b« 
read by all Interested in our national maritime PRoaRESS."— if ann^ Engineer, 

"EVBRT Ship should have the whole Series as a Esferencb Librabt. Habd* 
6011BLT BOUND, olbakly PRINTED and ihLTjaiBATED."—Liverpool J (mm. ^f CkmmertB, 

The British Mercantile Marine: An Historical Sketch of its Rise 
and Development. By the Editor, Caft. Blaokmorb. 8e. 6d. 
" Captain Blackmore's splendid BOOK . . . contains paragraphs on every point 
of interest to the Merchant Marine. The 243 pag^s of this book are THB most VALU- 
ABLB to the sea captain that have ever been compiled."— JfereAant Serviee Beviem, 

Elementary Seamanship. By D. Wilson-Barker, Master Mariner, 
ir.&.S.£., F.R.G.S. With ntuneroos Plates, two in Colours, and FrontiaplaoA. 

Third Edition, Thoroughly Revised, Enlarged, and Ke-set. With additional 
Illustrations. 69. 

•'This ADMIRABLE MANUAL, by Capt. WILSON BARKER, of the 'Worcester,' 
to ns PBRFBOTLY DWlQ^ED/'—Athenosum, 



Know Your Own Ship : A Simple Explanation of the Stablhty, Coa- 
■truction. Tonnage, and Freeboard of Ships. By Thos. WalT on. Naval ArchitMfc. 
With numerous Illustrations and additional Chapters on Buoyancy, Trim, and 
Calculations. Sixth Edition, Kevised. 7s. 6d. 
"Mr. Walton's book will be found very useful."— TA« Engineer, 

Kavlgratlon : Theoretical and Practical. Bv B. Wilson-Babkbe, 

Master Mariner, dc, and William Allingham. 3s. 6d. 

"PRECISELT the kind of work required for the New Certificates of competency. 
Candidates will find it invaluablb."— i>tm(20d AdvertUw, 



Marine Meteorology: For Officers of the Merchant Navy. By 
William Allinqham, First Class Honours, Navigation, Science and Art Department. 
With Illustrations, Maps, and Diagrams, and factimUe reproduction of log page. 
7s. 6d. 
"Quite the best publication on this ^\xh\eQ,t"— Shipping Gazette. 

Latitude and Longitude : How to find them. By W. J. Millab, 

C.E., late Sec. to the Inst, of Engineers and Shipbuilders in Scotland. S£CfONI> 

Edition, Revise'^. 2s. 

" Cannot but prove an acquisition to those studying Navigation."— Jf ann« Engineer, 

Practical Mechanics : Applied to the requirements of the Sailor. 
By Thos. Mackenzie, Master Mariner, F.R.A.S. Second Edition, Revised. 3s. 6d. 
" WbUi worth the money . . . EXCBEDiNaLT helpful."— ^Aipptn^r Wcrld. 

Trigonometry : For the Young Sailor, he. By Rich. C. Buck, of the 
lliames Nautical Training College, H.M.S. " Worcester." Second Edition, S«viaed. 
Price 8s. 6d. 
*'This bkinentlt fractioal and reliable volume."— iS^oofmiMftfr. 



Practical Algebra. By Rich. C. Buck. Companion Volume to tbe- 
above, for Sailors and others. Price 8s. 6d. 
" It is JUST THE book for the young sailor mindful of progress. —Na'utical Magcutine^ 

The Legal Duties of Shipmasters. By Benedict Wm. Ginsbubg^ 

M.A., LL.D., of the Inner Temple and Northern Circuit ; Barri>ter*at>Law. Prioe 

4s. 6d. 

" Invaluable to masters. . . We can fully recommend it,"— dipping OMMstte, 

A Medical and Surgical Help for Shipmasters. Including First 

, Aid at Sea. By Wm. Johnson Smith, F.R.C.S., nincipal Medical Officer, Seamen's 
Hospital, Greenwich. Second Edition. Revised. 6s. 

"BOiniD, judicious, H«A1LY ViELPWt.^'^The LaiUi$9i 

KDNDON: CHARLES GRIFFIN & CO., LIM.TED, EXETE8 STREEL STRANDl 
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GRIFFIN'S NAUTICAL SERIES . 

Price Sb. 6d, Post-free, 
THE 

British Mercantile Marine. 

By EDWARD BLACKMORE, 

MASTBR IfARINBIt; ASSOCIATB OP THB INSTITUTION OP NAVAL ARCHITECTS; 

MBMBBR OP THB INSTITUTION OP BNGINBBBS AND SHIPBUILDERS 

IN SCOTLAND; EDITOR OP CRIPFIN'S "NAUTICAL SERIES." 

GXNERAL CoNTKHTS.— HiSTOBiCAL : From Early Times to 1486— PPLflreai 
imder Henry VIII.— To Death of Mary— DuriDg Elizabeth's Reign— Up to 
tiie Beign of William III. — The 18th and 19th Centuries— Institution oi 
Szaminations — Rise and Progress of Steam Propulsion — Development of 
Free Trade- Shipping Legislation, 1862 to 1876— " Locksley Hall" Case— 
Shipmasters' Societies— Loadi^g of Ships — Shjbping Legislation, 1884 to 1894 — 
Btatiatics of Shipping; The Personnel: Shipowners— Officers— Mariners — 
Duties and Present Position. Education : A Seaman's Education : what it 
•hoold be— Present Means of Education— Hints. Discipline and Duty — 
Pottscript — The Serious Decrease in the l^umber of British Seamen, a Matter 
demandmg the Attention of the Nation. 

" Ibtxiuestiiig and Imstbuctitb . . . may be r«ad with fbofit and XNJOTxmr."— 
€la»fot9 B§rald. 

'^Byxbt bbakos of the subject Is dealt with In a way which shows that the writer 
'knows the ropes' familiarly."— 5cof«man. 

"This ADUiBABLB book . . . TXKUB With Qseful information— Should be in the 
tends of STery Sailor.*'— Tr«i/«>n Morning News. 



Third Edition, Thoroughly Revised, Enlarged, and Re-set. 
With Additional Illustrations. 65. 



ELEMENTARY SEAMANSHIP. 

D. WILSON-BARKER, Master Mariner; F.R.S.E., F.R.G.S.,&a,*a; 

TOUHQBR BBOTHSR OF THE TRINITT HOUSE. 

With Frontisi^eoe, Numerous Plates (Two in Colours), and lUustrationi 

in the Text. 

General Contents.— The Building of a Ship; Parts of Hull, Maats^ 

''Ito. — Ropes, Knots^ Splicing, &c. — Gear, Lead and Log, &c. — Riaging, 

Anchors — Sailmakmg — The Sails, &c — Handling of Boats under Sail — 

Bignils and Signalling— Rule of the Road— Keeping and Relieying Watoh — 

Points of Etiquette— Glossary of Sea Terms and Phrases — Index. 

%* The Tolmne oontains the kbw bulsb or tbb koad. 

** This AnicnuBLE manual, by Oaft. Wilsok-Babkzb of the ' Worcester,' seems to ns 
,nBiacn.T dbbiokbd. and holds its place ezcellentiT in * Qbutin's Nautical Sbbiul' . . . 
AMtongh intended for those who are to become OfBcera of the Merchant Nayy, it will be 
■^foimd neefnl by all tkCtnsttxs.^^'—Athmmvm. 

^ Fife shlUinga will be will bfbvt on this little book. Oaft. Wnsov^BABKBB knowe 
-flhan experience what a yotuig man wants at the outset of his career."— ^« Bngimmr. 

*«* For complete List of QKowaCw Nautical Sbboes, see p. 89. 

LOMOON : 0HARU8 GRIFFIN A CO.. LIMITED, EXETER STREET, STRAND. 
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GRIFFIN S NAUTICAL SERIES. 

Price Ss, 6d, Po8t-fte&, 

ISTAVIGIATION 



By DAVID WILSON-BARKER, RN.R, F.R.S.E., <kc., <fca, 

AND 

WILLIAM ALLINGHAM, 

mSZ-OLASS HONOURS, NATIQATION, BOZKNOS AND ART DBPARTMIK^. 

TRAitb Humeroud ^Uuettations anD ££amf nation (Slueationd, 

GiNERAL Contents.— Definitions—Latitude and Longitude— Instnunents 
of Navigation— Correction of Courses— Plane Sailing — Traverse Sailing— Day's 
Work — Parallel Sailing — Middle Latitude Sailing — Mercator's Chart— 
Mercator Sailing — Current Sailing — Position by Bearings— Great Circle Sailing 
— ^The Tides— Questions — Appenmz : Compass Error — Numerous Useful HintSf 
Ac. — Index* 

" P&xciSBLT the kind of work required for the New Certificates of competency in mdes 
from Second Mate to extra Matter. . . . Candidates will find it nrVALUJLBLS."~J>i(ii<lM 
A4f»*riiur\ 

" A CAPITAL LiTTUE BOOK . . . Specially adapted to the New Examinations. Tlie 
▲athors are Oapt. Wilson-Rabkui (Captain-Saperintendent of the Nautical Ck>Uege, H.M.8L 
* Worcester/ who has had great experience in the highest problems of Navigation), and 
Ma. Allinghax, a well-known writer on the Science of Navigation and Nautical Astronomy.** 
^Shipping WorlA 



Handsome Cloth, Fully IlluatrcUed, Is, 6cf. Post-Jrte, 

MARINE METEOROLOGY, 

FOR OFFICERS OF THE MERCHANT NAVY. 
By WILLIAM ALLINGHAM, 

Joint Author of "Navigation, Theoretical and Practical." 

With numerous Plates, Maps, Diagrams, and IllustratioDS, and a faosimila 
Reproduction of a Page from an actual Meteorological Log-Book. 

SUMMARY OF CONTENTS. 

iNTRODVOTORT.-^Instraments Used at Sea for Meteorological Furpoees.— Mateoro- 
log ical Loe-Books.— Atmospheric Pressure.— Air Temperatures. — Sea Temperatures. — 
mods. —wind force Scales. — History of the Law of Storms.— Hurricanes, Seasons, and 
Storm Tracks.— Solution of the Cyclone Problem.— Ocean Currents.— Icebergs.—Syn* 
ehionous Charts. — ^Dew, Mists, Fogs, and Hase.— Clouds.— Rain, Snow, and Hail. — 
Mirage, Rainbows, Coronas, Halos, and Meteors.— Lightning, Corposants, and Auroras. — 

4)U1BTI0N8.— APPBVDIX.- INDIX. 

*' Quite the msT publication, avd certainly the host istxrbstiso, on this subject erer 
presented to Nautical TSMn.'*—ahippino Oamttt, 

*«* For Complete List of Gbiftin's Nautical Sxbiis, see p. 39. 
LONDON : CHARLES ORIFFIN i CO.. LIMITED. EXETER STREET. STRAND. 
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QBIFFIITS NAUTICAL SERIES. 

8SC0KD Edition, Revised. With Numerous Illustrations. 3s. 6d« 

Practical Mechanics: 

Applied to the Eequirements of the Sailor. 

By THOS. MACKENZIE, 

Uiuitr M^riMr, F.R.A.3. 

GsHSBAL Contents.— Resolution and Composition of Forces— Work do&« 

Sr Machines and Living Agents — The Mechanical Powers: The Lever; 
•rricks as Bent Levers — The Wheel and Axle : Windlass ; Ship's Capstan ; 
Grab Winch— Tackles : the **01d Man"— The IncUned Plane; the Screw— 
The Centre of Gravity of a Ship and Cargo — Relative Strength of Rope : 
8Im1 Wire, Manilla^ Hexnp, Coir — Derricks and Shears — Calculation of the 
Croos-breakinff Stram of Fir Spar — Centre of Effort of Sails — Hydrostatics: 
the Diving-bell ; Stability of Floating Bodies ; the Ship's Pump, &c 
" Tbis excellent book . . . contains a large ahoxjnt of infonnatioii.'' 

" Well woeth the money . . . will be found exceedinqlt HELPmu"— 
MTUppinff World. 

"Ko Ships' Officers' bookcase will henceforth be complete without 
Oaytain Mackenzie's * Practical Meohaniob.' Notwithstanding my maAj 
rears' experience at sea, it has told me ?iow much more there U to acqwTM,*''^ 
(Letter to the Publishers from a Master Mariner). 

" I must express my thanks to you for the labour and care you have taken 
111 'Practical Mechanics.' . . . It is a life's experience. . . . 
What an amount we frequently see wasted by rigging purchases without reason 
and accidents to spars, &c., &c. ! 'Practical Mechanics' would save all 
-THIS." — (Letter to the Author from another Master Mariner). 



WORKS BT RICHARD C. BUCK, 

ofUie Thamu Nautical Tninlng Ooliece, H.II.S. • Wor«eaMr.' 

A Manual of Trigonometry: 

With Diagrams, Examples, and Exeroiaea, Post-free 8s. 6d. 

Second Edition, Revised and Corrected. 

*«* Mr. Buck's Text-Book has been spsoiallt prepared with a view 
to the New Examinations of the Board of Trade, in which Trigonometry 
-4s aa obligatory subject. 

"This BiiafsiraLT riuoncAi. and mauASLa TOuaMM,"-'Sehoolmatter, 

A Manual of Algebra. 

ih^lgned to meet the Requirements of Saiion and othere. Price 8a . 6d. 

\* These elementary works on alobbea end niooiroMBTBT are wriiten speeii^j for 
Uiose who will hsYs litfla opportunity of oonsnltlnx a Tescher. They are books for "ol^ 
■HJP." AU bat the Amplest ezpkuiattons haTe, ttierefore, been avoided, sod amswibs la 
ttisSzeroisee are ciTen. Any person may readily, by earefol studv, beeome maetar of tteir 
smttnts. and thus lay the foundation for a further mathematieal coarse, if derfred. It is 
iMped that to the yoonger Officers of oar If ercantUe Marine they will be foond dseideily 
servieeable. The Examples and Sxeroises are taken from the BTamlnatJon Papers Ml fer 
the Oadets of the "Worcester.*' 

" Olsarly arranged, and well got up. . . .A flrat-rate Elementary Algebra. — 
ifmt t tit ml MagatiHe. 

%*For complete Liat of Qaarai's Vacticxl Bbuss, see p. 89. 

(SNOOH; CHAHLES GRIFFIN « CO.. LIMITED, EXETER STREET, STRAIUL 
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OBIFFIN'8 WAUTICAL SERIES. 

In GrowB 870^ Handtome Cloth. 4». 6d. Fo«t-lr«ih 

THE LEGAL DUTIES OF SHIPMASTERS. 

BT 

BENEDICT WM. GINSBURG, M.A., LL.I>. (OAirTijfcX 

Of the Inner Temple and Northern Circuit ; BarriBter-at-Law. 

QMieral Contants.— l%e Qaaliflcation for the Position of Shlpmaalar^-IlM CkMK 
traot with the Shipowner— The Master's Duty in respect of the Crew : SngiMmflit : 
Iflwentloef ; DtseipUne ; Provisions^ Accommodation, and Medical Comforts ; npMli 
of wtces and DlBcharge— The Master's Dutr in respect of the Passengers— Tnis lliiflter's 
flnanolal Besponsihinttes— The Master's Dnty in respect of the Cargo— Tlie Mafi«r'M 
Virxtf In Case of Casualty- The Master's Duty to certain Public Authoritiei»llM 
Matter's Duty in relation to Pilots, Signals, Flais, and Light Dues— The Master's Datgr 
Mcm ArrivW at the Port of Discharge— Appenaices relative to certain Legal Kalttri : 
Board of Trade Certificates, Dletair Scales, Stowage of Grain Cargoes, Load Line SimiiJUi- 
ttooa, Life-saving Appliances, Carnage of Cattle at Sea, Ac, (fee— Copious Index. 

" No intelllgant Master should fall to add this to his list of necessary books. A tew Unea 
of ft may sats ▲ lawtkb's vm, bbsidbs kkdlbss wobst."— Z/tverpoo2 Journal of Commnru, 

** SanxBLi, plainly written, in clbae and non-tbchnigal lakouaob, and will ba fsmtl ef 
MUCH snvxcB by the Shipmaster. "->ilr«MA Trad* Rwiew. 



Second Edition, Revised. With Diagrama. 2t. Post-free. 

Latitude and Longitude: 

HoiBir to Find thena. 

Bt W. J. MILLAR, C.E., 

LaU 8*creiary to th9 Intt. of Engineers and Shipbuildsrt in Scotland. 

C0NOI8ELY and CLBABLY WRITTEN . . . cannot but proTo an aoqniaitioB 
to those studying Navigation." — Marine Engineer, 

'* Yomig Seamra wifi find it handt and usxvuL, simplb and GLEAJBu**^Th€ 
Mnffineer, 



ti 



FIRST AID AT SEA. 

Sbo^vd Edition, Hevited. With Coloured Plates and Numerous Illufte*- 
tiona, and oompruing the latest Regulations Respecting the Carriage 
of MecMeal Stores on Board Ship. Post-free. 6s. 

A MEDICAL AND SURGICAL HELP 

FOR SHIPMASTERS AND OFFICERS 
IN THE MERCHANT NAVY. 

BY 

WM. JOHNSON SMITH, F.RO.S., 

Principal Medical Officer, Seamen's Hospital, Greenwich. 

%* The attentton of all interested in our Merchant Navy is requested to litis fiTiSfliHiWlj 
•sefai and nJoabie work. It ia needleu to say that it is the oatoeme ef masiy jmirs 
TtLkfmcAL ■xnsxxNCB ftmongBt Seamen. 

** 8oi7in>, JUDICIOUS, BBALLT HXLprux."— X^ Loncit. 

*«* Fer Complete Liet of GsEmN's Nautical Ssbzib, m« p. 39. 

' II III!  II I I n II ■» III II I— ^»^.^»^»— ^— ».»«-.^^^-y»l^ g I 
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QBiFrnrs nautical series. 

Sixth Edition. Bevised, with Chapters on TVtm, Buoyancp^ 

and CaleidtUiona. NutnerouM HhutreUions. ffandaome 

Cloth, Crovm 8vo. 7$. 6d, 



KNOW YOUR OWN SHIP. 



By THOMAS WALTON, Naval Architect. 

graOIALLT ARBANOSD TO SUIT THB RBQUIREMBNTS OT SHIFS' OFFICKBS^ 
8HIP0WNKRS, SUPSBINTXNDXNTS, DRAUGHTSMEN, ENGINEERS, 

AND OTHERS. 

Thii work explains, in a simple manner, such important 
sabjeotf as: — 



Displacement, 

Deadweight, 

Tonnage, 

Freeboard, 

Moments, 

Buoyancy, 

Strain, 

Structure, 



Stability, 
Boiling, 
Ballasting, 
Loading, 
Shifting Cargoes, 
Admission of Water, 
Sail Area, 
ftc, fto. 



*' The little book will be found xxcxedinglt handt by most officers and 
•ffioiala connected with Bhijpping. . . . Mr. Walton's work will obtain 
iiABTiNO SUOOBSS, because of its unique fitness for those for whom it has been 
written."— <87iipptnflr Worlds 

** An EXCELLENT WORK, fuU of Solid instruction and inyaluablb to every 
ofioer of the Mercantile Marine who has his profession at heart." — Shippin{^ 

" Not one of the 242 pages could well be spared. It will admirably fulfil its 
purpose . . . useful to ship owners, ship superintendents, ship draughts* 
men, and all interested in shipping." — Literpool Journal of Commerce, 

" A mass of vert useful information, accompanied by diagrams and iUus- 
imtions, is given in a compact form." — Fairplay* 

** We have found no one statement that we could have wished differently 
expressed. The matter has, so far as cleamess allows, been admirablv oon- 
dewied, and is simple enough to be understood by every seaman."— Jtfan»# 
Bngimtr, 

BY THB SAME AUTHOR. 

Steel Ships: Tlieir Gonstractlon and Maintenance. 

(See page 38.) 

- - - - * 
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Foupteenth Edition, Revised* Prlee 21fl. 

Dtmy SvOf doth. With Numerotu IUu8trcUion$f reduced fr^m 

Working JDrawinge. 

A MANUAL OP 

MARINE ENGINEERING: 

COMPRISING THE DESIGNING, CONSTRUCTION, AND 
WORKING OP MARINE MACHINERY. 

By A. E. SEAT ON, H.InstC.E., M. Inst. Mech. B.» 

H.Inst.N.A. 



GENERAL CONTENTS. 



Part L— Principles of Marine 
Propulsion. 

Part II.— Principles of Steam 
Engineering. 

Part III.— Details of Marine 
Engines : Design and Cal- 

*•* This Edition includei a Chapter on Wate&-Tubs Boilers, with lUuftrft- 
tions of the leading Types and the Revised Rules of the Bureau Veritat^ 



dilations for CyUndera^ 
Pistons, Valves, Expansion 
Valves, &e. 

Part IV.— Propellers. 

Part v.— Boilers. 

Part VI.— Miscellaneous. 



** In the three-fold capacity of enabling a Student to learn how to design, oenttruoW 
aad work a Marine Steam- Engine, Mr. Seaton's Manual has no rital."— 2YmM. 

"The important subject of Marine Engineering is here treated with the THomouos- 
NlM that It requires. No department has escaped attention. . . . Gives the 
results of much close study and practical viOT)L.**—Bnainmringk 

"By fiu' the bb8T Manual in existence. . . . Gives a complete account of the 
nethodi of solving, with the utmost possible economy, the problems before the Marine 






le Student, Draughtsman, and Engineer will find this work the MdST valuable 
Handbook of Reference on the Marine Engine now in existence."— ifariM Enffineer^^ 



Seventh Edition, Thoroughly Revised. Pocket-Size, Leather. 8s. 6d» 

A pocest-booe: of 

MARINE ENGINEERING RULES AND TABLES, 

FOB THE USE OV 

Marine Engineers, Naval Architects, Designers, Draughtsmen^ 

Superintendents and Others. 

BY 

A. E. SEATON, M.I.O.E., M.LMech.R, M.LN.A/, 

AUTD 

H. M. ROUNTHWAITB, M.LMech.E., M.I.N.A. 

'Adiiisably fulfils its purpose."— Jf«rnM Sngmt^. 



<« 
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WORKS BY PROF. ROBERT H. SMITH, Assoe.]I.LC.B.» 

M.LM.E., H.LEI.S., llIMiiiJl, Whit Soh., M.Ord.lI«iJL 



THE CALCULUS FOR ENGINEERS 

AND PHYSICISTS, 
Applied to Technical Problems. 

WITH EXTBNSIYB 

CliASSIFIED BEFEBJBNCJ3 LIST OF INTEGRAIiS. 
By PROF. ROBERT H. SMITH. 

ASSISTED BT 

R F. MUIRHEAD, M.A., B.Sa, 

Formerly Olark Fellow of QlMgow DnWenity, and Lecturer on Mathem»tlei •! 

Maion OoUeg •. 

In Crown 8vo, extraj with Diagrams and Folding-PlaU, 8s. 6d. 



*' P»or. B. H. Smith's book will be BerrioeaUe in rendering a hard road as %USt as 
•AlLi for the non-mathematical Student and Bnglneer."— ^tA«ncntm. 

*' Interefttng dlaframs, with practical IHustratioDB of actual occurrence, are to be foond heiw 
in abmndanca. Thi tibt complxu clabsifiki} Bxri&EHCB tablb will prove Tery weefcl tai 
^arlnf the time of those who want an Integral in a hnny."— 7%« JEn^ifuer. 



MEASUREMENT CONVERSIONS . 

(English and Frenoli): 

28 GRAPHIC TABLES OB DIAaBAMS. 

Showing at a glance the Mutual Conysbsion of MxABUBBloam 

in DiFFERBNT UnITS 

Of Lengths, Areas, Yolumea, Weights, Stresses, Densities, Quanttttaa 
of Work, Horse Powers, Temperatores, Ao. 

For th% UM§ of Englneer$, Survgyora, ArchiUctM, and Contractors, 
In 4to, Boards, 78. 6d. 



*.* Prof. Smith's Gonyersion-Tabliss form the most unique and oom« 
prehensive collection ever placed before the profession. Bj their use mneh 
time and labour will be saved, and the chances of error in calculation 
diminished. It is believed that henceforth no Engineer's Office will b« 
eonsidered complete without them. 

** The woA Is ivta&vabu."— Coliwry OuardMiw. 



" Ought to be in btbbt office where eren occasional conrerslons are required. 
iiCRH's TABLB8 foHU Tcry ixciLLiiiT OBMKS ou results."— JRcctriooI B$friew. 

" Prof. Smith deserres the hearty thanks, net only of the Bvoirau, but of the CoMinuiAa 
WoBLD, for haying smoothed the way for the anomoir of the Hitbio Btbtbm of JtBAivmii 
a Buhtect which u now assuming great importance ea a fector in nfmti y tfj piyi g oar bom 
fOBUOB TBADa"— The AfaeMnery Jforftit. 
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In Large 8vo. Handsome Cloth. lOi. 6d. 

CHEMISTRY FOR ENGINEERS. 



BERTKAM BLOUNT, 

r.I.O.» F.O.8., A.I.O.B., 

Consulting Obmurt to the Grown AfMita for 

the Oolooiee. 



BY 



A. G. BLOXAM, 

F.I.C., F.O.8., 
Cknufnltliif Ohemlet, UeMt of the Chemistry 
Department, Goldamithi' Intl., 
Kew Oroes. 



OBKBBAL CONTENTS.— Introductlon-Oliemlitry of tlie Chief Materials 
of Oonstmetlon— Sources of Energy— Chemiitry of Steam-ralslng — Chemis- 
try of Lnbiloation and Lnbrleants— Metallurgical Processes used in the 
Winning and Manufacture of Metals. 

**Th« aathon bare bdccxkded beyond all ezpeotatton, and hare produced a work whtek 
ilMald flra Fsxan powbb to the £nfinew and liannfh«tarer."— ^Ac Timu. 

''PBAoncJUb maouoHOUT ... an ADMiaAJiLi vbxt-book, usefol not only to Stadeeiii 
tat to XveisBUA and JiAHAasaa ov woaza in rmiTwinna waisb and im PBoriii« rBooMHa"*- 
gieteiiAii. 

** A book worthy to take hiqh eajik . . . treatment of the subjeet of OAaiovs 1VB& 
partlenlarly good. , . . Watxk qlb and ita production clearly worked out . . . We 
VASMIT B100MM1UI9 the work."— •^ottriMl •fQa§ lAokting. 



For Oompanion Yolume by the same Authors, see '' Chemistat 

FOR Manufacturers," p. 71 General Catalogue, 



Works by WALTER R. BROWNE, M.A., M.lNST.C.E., 

Late Fellow of Trinity College, Cambridge. 



THE STUDENT'S MECHANICS: 

An Introduetion to the Studj of Force and Motion. 

With Diagrams. Crown Svo. Cloth, 4s. 6d. 

k ityU and jvactical in method, 'Tiut STUiMnn<e Mbchamics' ia oaidially to be 
' frooi all poiats of view. **—A i h t mmmm . 



FOUNDATIONS OF MECHANICS. 

Pftpen reprinted from the Enfinssr, In Crown Svo, is. 



Demy Svo, with Numerous Illustrations, 9s. 

FUEL AND WATER: 

▲ Mannal for Users of Steam and Water. 

Wt Tbot. FRANZ SCHWACKHOfER of Vienna, and 
WALTER R. BROWNE, M.A., CE. 




water 



"The SmImb m Heat it om of tk* bail and moat ladd erer written.*— JW ^ A w mi . 
** CaoBOt fail to ka vahiaWa to tkoytaadi usinc ateam power." — Rttihumf Engmtm 
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Skcovd Edition, Revised and Enlarged. 

With TablM, Illustrations in the Text, and 37 Lithogntphic Plates. Medium 

8to. Handsome Cloth, 300^ 

SEWAGE DISPOSAL WORKS? 

A Guide to the Construction of Works for the Prevention of the 
Pollution by Sewage of Rivers and Estuaries 

By W. SANTO CRIMP, M.Inst.C.E., F.G.S., 

Late AMistwit>£iigineer, London County CeunciL 



PART I.— INTIODUCTOET. PART II.-~SBWA0B DISPOSAL WOEKS IN 

Opeeation— Thbie C0N8TSUCTION, Maintenance, and Cost. 

%* From thtt fact of tho Autkor't havinc for soni« yean, had charve ci the Mau» 
Bniaafe Works of the Northern Section of the Metropolis, the chapter on London will be 
foand to ooatain many important details which would not oUierwise naT* been available. 

" All persons interested in Sanitary Science owe a debt of gratitude to Mr. Crimpi . . . 
Hb work will be especially u&efVil to Sanitary Authokitibs and their advisers . . . 
BOMckTLY PRACTICAL AND USKFUL . . . gives pbns and descriptions of many or ma 
■••T IMPORTANT 8RWA6S WQKKS of England . . . with rtxj valuable information as to 
Ike OOCT of construction and working of each. . . . The carefully-prepared drawings pc^ 
Srik of an easy comparison between the different systems."— Z,«M<rril 

** rrebably the most complxtb and asrr trsatisb on the suhiect wht^ has appeared 
in our iaRgnage . . Will prove of ^e gnatest use to all who have the proUem of 

Sewage Disposal to 9kQ%.''—EdiHbur£h Mtdieal Journal. 



In Crown 8vo, Extra. With Illustrations. 8s. 6(1. 

CALCAREOUS CEMENTS: 

THEIR NATURE, PREPARATION, AND USES. 

ItiK sosne R«mai,x.ftca upon Com«n« Vesting. 



By gilbert R. REDGRAVE, Assoc. Inst. C.E, 

Assistant Secretary for Technology, Board of Education, Soath Kensington. 

General Contents. — Introduction — Historical Review of the Cement 
Industry— The Early Days of Portland Cement— Composition of Portland 
Cement— Processes or Manufacture— The Washmill and the Backs — 
Flue and Chamber Drying Processes — Calcination of the Cement Mixture- 
Grinding of the Cement — Composition of Mortar and Concrete — Cement 
Testing — Chemical Analysis of Portland Cement, Lime, and Raw 
Mateiials — Employment of Slags for Cement Making — Scott's Cement, 
Selenitic Cement, and Cements produced from Sewage Sludge and the 
Refuse from Alkali Works — Plaster Cements — Specifications for Portland 
Cement — Appendices (Gases Evolved from Cement Works, Effects of Sea- 
water on Cement, Cost of Cement Manufsicture, &c., &c.) 

** A work oalonlated to be of okxat and xxtkhdbd jmurxJ'^-'Chnnieal Kevt, 
** Intalitabli to the Student, Arohitoot, and Eoglnoer.**— Aii/dtfii^ Nm*- 
** A work of the orsatsr dttbrkst and ussfdutms, which appears at a very erllloal 
period of the Oement Trade."— JH<. Tradt Jommak 

Will be oaefol to au. interested in the MAKWAOTuaa, usa, and sssxnra of OemeatBL**— 
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§6. ELECTRICAL ENGINEERING. 

In Large Zvo, Handsome Cloth, Profusely Illustrated with Plates^ 

Diagrams^ and Figures. 24s. net, 

CENTRAL ELECTRICAL STATIONS: 

Their Design, Organisation, and Management. 

Including the Generation and Distribution of Electrical 

Energy, 

By CHAS. H. wording ham, 

A.K.C., M.Inst.C.E., M.Inst.Mbch.E., 

lAte Member of the Council of the Institute of Electrical Engineers, and Electrical 

Engineer to the City of Manchester. 



CONTENTS. 



Introductory. — Central Station Work as a Profession. — Central Station Supply as an In- 
vestment — The Establishment of a Central Station — Systems of Supply.— Choice of Site — 
Architectural Features. — Choice of Plant and General Design. — Boilers. — Systems of 
Draught and Waste Heat Economy. — Methods of Firing Boilers.— Coal Handling, Weighing, 
and Storing. — Feeding of Boilers. — The Transmission of Steam.— Generators. — Condensing 
Appliances. — Switching Gear, Instruments, and Connections.— Distributing Mains. — Drawing- 
tn Systems. — Built-in Systems, Dielectrics. — Insulation, Resistance, and Cost. — Distributing 
Networks — Service Mains and Feeders. — Testing of Mains. — Recording and Laying of 
Mains. — Meters and Appliances on Consumers' Premises. — Standardising and Testine Labor- 
atory. — Secondary Batteries. — Street Lighting — Cost of Production. — Methods of Cnaiging* 
— Regulations of Consumer's Installations. — General Organisations of a Central Station-- 
The Generating Station. — ^The Mains Department. — The Installation Department — ^Th« 
Standardising Department — ^The Drawing Office, Transforming Stations, and Street Light- 
ing,— The Clerical Department — ^The Consumer.— The Routine and Main Laying. — Indbz. 

"One of the mo3T valuable contributions to Central Station Iit<;rature we have had 
for some time. We wonder at the industry and perseverance which have produced the 
volume before us." — Eltctricity. 



MUNRO A JAMIESON'S ELECTRICAL POCKET-BOOK, 

Sixteenth Edition, Thoroughly Revised and Enlarged. 

A POCKET-BOOK 

OF 

ELECTRICAL RULES & TABLES 

FOR THE USE OF ELECTRICIANS AND ENGINEERS, 

By JOHN MUNRO, C.E., & Prof. JAMIESON, M.Inst.C.E., F.R.S.B. 
With Numerous Diagrams. Pocket Size. Leather, 8s. 6d. 

GENERAL CONTENTS. 

Units of Measurement. — Measures. — Testing. — Conductors. — Dielectrics. — Submarine 
Cables. — Telegraphy. — Electro-Chemistry. — Electro-Metallurgy. — Batteries. — Dynamos and 
Motors. — ^Transformers. — Electric Lighting. — Miscellaneous. — Logarithms. — ^Appendices. 

*' WoMMutpuLLY PxsFBCT. . • . Worthy of the highest commcndatioa we aw 
giTt )3L,**-^SUctrician, 

"The SmUNG Valus of Messrs. Munko and Jamixsok's Pocx>t-Boob."'— 
Mhciricml Repitm. 
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so CHARLES GRIFFIN A CO.*S PUBLICATIONS. 

By PB0FE8S0RS J. H, POYNTING ft J. J, THOMSON. 

In Five Volamei. Large Svo. Sold Separately. 

A TEXT-BOOK OF PHYSICS: 

OOMPBISIKO 

FBOPBRTISS OF MATTER; SOUND; HEAT; MAGNETISM 
AND ELECTRICITY; AND LIGHT. 

J. H. POYNTING, * J. J. THOMSON. 

■C.D.I r.K.B., AND if.A.i v.a.s.t 

&■!• Fellow of Trinitj OoHege, Oambrklce; Fellow of Trinity Oolleve, Ounbridio; Prol 

FrofoMor of Pliygics, BlnnlBgham of Szpeiimentftl Phyiioi tn the UiUTinttf 

University. of OamMdco. 



Introdttctory Volume, fully Illustrated. Second Edition, Revised. 

Price lOa. 6d. 



I. — OraTltation.— Tho Aooeleratlon of GmTity. — Elasticltr. — StreeBoi ftnd 
8Cimins.—TorB!on.— Bending of Rods. ~ Spiral Springs.— ColliBion.—CompressiUlitT of 
Xiqiiidi.*~PretBare8 and Volumrs of Gmos.— Thermal Effect! Accompanying StrviiL—' 
QaalllHlty.— Surface Tonsion.— Laplaco's Theory of Caplliarity.— Diffnftion of L*qaidi- 
DImwIoii of GkuMa.~yiBOOBity of Llqiiidi.~lNDSx. 



VoLXTMB II. Second Edition. Fully Illnstrated. Price Ss. 6d. 

s o u »r i>. 

Oe«n«n.~The Nature of Bonnd and ite oklof Cbaraorarlslioa— The Tolodty of Sonnd 
te Air asd other littdia.-»Reflf ction and Befraction of Sound.— FreqameT and Pitoh of 
Mol«.->JlMonanoe and Forced OaciUation*.— Analyeis of Vibratione.— Tbo TraatTorM 
YItoatlona of Stretched Strings or Wires.— Pipei and other Air CaTittes.— Boda.— Plalea. 
—Mamhranei.— Vibration! maintained by Heat.— SeneitiTa Flamei and Jeta.— Mnalcal 
Sand.— The Snperpoiition of WayeB.— Index. 

** TIm work . . . may be recommended to anyone deBiroas of poaBOBBlng an sabt 
VffHTO-nAn Stajtoard Tbbatibb on AcouBttcs.^'— Z«i<«ra/iira 

'* Very clearly written. . . . The names of the authors are a guarantee of th* 
aonimno accukact and tip-To-DATS cbaeaotkb of the morlL'^'^Bdueaiionai Tlfm: 



In large Svo, with Bibliography, Illustrations in the Text, and leren 

Litbographed Plates. 12s. 6d. 

THE MEAN DENSITY OF THE EARTH: 

An Essay to which the Adams Prize was acUudged in 1898 in 

the University of Cambridge. 

BY 

J. H. POYNTING, ScD., F.R.S., 

Late Fellow of Trinity College, Cambridge; Professor of Physics, 

Birmingham University. 

"An aeeennt of ihiB stiUeet esanol KbO to be of vmiAt and eimntAi lanaist to the boIbbIUI^ 

mind. Bflpedally is this toe case when the scooant is given by one who has eontilbatad w> 
conBlderably as has Prof. Poynttnf to our present itate of knowledge with reneet to a yerr 



difflsalt sablect. . . . Bemarkably has Newton's estimate been yeclfled by Prof. P^yntl^g.**^ 

^ f AdMBItlll. 

LONDON: CHARLES GRIFFIN & CO., LIMITED. EXETER STREET, STRAND. 



MEDICINE AND THE ALLIED SCIENCES, 51 

A SHORT MANUAL OF 

INORGANIC CHEMISTRY. 

BY 

A. DUPRE, Ph.D., F.R.S., 

AND 

WILSON HAKE, Ph.D., F.I.O., FCS., 

Of the WcstmiBtter Hospkai Medical School 

Thiad Edition, Revised, Enlarged, and brought up-to-date. Price 9s. net. 

** A w«l-irrkteB, clear aad aecnimte Kle— tary M aaual of I&oifanic Chemiftrj. . . .. 
Wa agiaa heartily with the tyttea adapted hy Dra. Thufti and Hakeb Will iiakb £xpsxx> 

MSMTAL WOKK TBSBLY INTBRBSTIICa BSCAUSE IMTBLUOIBLS."— ^«/wndk^ Rtvitm. 

"There is no question that, given the fbbfkct cbounding of the Student in his Scteno^ 
the remainder comes afterwards te hias in a mamter much more simple and easily ac<|aii««. 

Th» work IS AN BXAMPLB OF THB ADTAKTAOBS OF THB SYtTBMATIC TbXATMBHT Vf • 

Sctece erer the fragmeatarr style so generally followed. By a loms way tnb bbst af the 
mall Manuals for Students."— ^m«/>x/. 



LABORATORT HANDBOOKS B7 A. HUMBOLDT SEXTON^ 

Professor of Metallargy in the Glasgow and West of Scotland Technical Oolleg«. 



OUTLINES OF QUANTITATIVE ANALYSIS. 

FOR THB USE OF STUDENTS, 

With Illustrations. Fourth Edition. Crown 8vo, Cloth, 3a. 

** A coHFAcr XJLBORATOBT ouiDX for beginners was wanted, and the want has- 
been WBLL surruKix ... A good and useful book." — Lancet 



OUTLINES OF QUALITATIVE ANALYSIS. 

FOR THB USE OF STUDENTS, 

With ninstrations. Fourth Edition, Revised. Crown 8vo, Cloth, 3«. 6d^ 

•' The work of a thoroughly practical chemist." — British Medical Journal, 
•• Oompiled with great oare, and will supply a wmrU"— Journal of Ediication, 



ELEMENTARY METALLURGY: 

Inolnding the Author's Practical Laboratory Couree. With many 

Illustrations. [See p. 66 General Catalogue^ 

Third Edition, Revised. Crown 8vo. Cloth, 6s. 

" Jost the kind of work for stodents commencing the study of metaUnrgy."— 
Ptaetkal Engineer, 

LONDON : CHARLES GRIFFIN i CO., LIMITED, EXETER STREET, STRANO. 



